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Introduction

P. J. Mease and P. S. Helliwell

ix

Despite clinical, radiological and familial evi-
dence supporting PsA as a distinct disease entity, 
controversy still exists about which patient to 
include within this disease group. Some authors 
have even questioned whether PsA is a separate 
disease, suggesting that psoriasis merely modifi es 
the expression of pre-existing RA. Other authors 
have argued that new onset chronic polyarthritis 
is undifferentiated and only evolves into a more 
distinctive form with time such that the presence 
of psoriasis at onset of disease is of no value in 
nosological terms [4]. The problem is not with the 
classical presentation of PsA – with oligoarthritis, 
DIP involvement, calcaneal enthesitis, and dacty-
litis – but with the group of patients who have 
seronegative polyarthritis and psoriasis.

Overall, the sex ratio in PsA approximates unity 
but will vary across the sub-groups so that male 
predominance occurs in the spondylitis and oli-
goarthritis groups while females predominate in 
the most frequent sub-group, symmetrical poly-
arthritis, as also occurs in RA.

The peak age of onset of PsA is similar to that 
found in RA (20–40 years). This is, in most cases, 
later than the onset of psoriasis so that psoriasis 
precedes arthritis in the majority of cases. However, 
a potential source of diagnostic confusion occurs 
when arthritis precedes psoriasis, as it does in 15–
20% of cases [5]. For this reason, it is important for 
the physician to check thoroughly for clinical stig-
mata of psoriasis including examination of the 
nails, scalp, the soles and palms, and the fl exural 
areas, particularly the natal cleft (see Figure 3.18).

Clinical evaluation of patients with suspected 
PsA should, therefore, be systematic and include 

Although initially thought to be a variant of rheu-
matoid arthritis (RA), the pioneering work of 
Wright and Baker identifi ed the distinctive fea-
tures of the arthritis occurring in association with 
psoriasis [1]. Wright described the frequent 
involvement of the distal Interphalangeal (DIP) 
joints with erosion and absorption of the terminal 
phalanges and frequent reduction of bone stock 
in the other digits leading to a mutilating form 
of arthritis. Wright also described sacroiliitis and 
spondylitis occurring alone and in association 
with peripheral arthritis. The original fi ve clinical 
sub-groups described by Moll and Wright are still 
in use today although the validity of this classifi ca-
tion has been challenged [2] (see Figure 3.1).

Wright and Moll later defi ned the concept of 
the seronegative spondyloarthropathies as a group 
of disorders sharing common clinical features 
including (as a hallmark feature) sacroiliitis, a 
seronegative (for rheumatoid factor) anodular 
asymmetrical peripheral oligoarthritis, a hyper-
keratotic and sometimes pustular rash on the 
hands and soles (keratoderma blenorrhagica), 
peripheral and central enthesitis, anterior uveitis, 
and familial aggregation [3]. The discovery of the 
high prevalence of HLA-B27 in ankylosing spon-
dylitis and other diseases in this group provided 
confi rmation of this concept. Psoriatic arthritis 
(PsA) fi t very well into the spondyloarthro pathy 
group, often demonstrating many of the shared 
clinical features described above. It is, therefore, 
sometimes diffi cult to differentiate PsA from 
other spondyloarthropathies such as reactive 
arthritis and ankylosing spondylitis (see Figure 
3.5).



an assessment of the skin, the entheses and the 
spine. The importance of family history cannot be 
overemphasised because of the familial clustering 
initially described by Wright and others. Evalua-
tion of the established case should include an 
assessment of the skin and joints taking into 
account the distinctive features of PsA. Although 
there are well established ways of measuring the 
skin involvement, many people make a quasi-
objective appraisal and record ‘mild, moderate or 
severe’. From the articular point of view, evalua-
tion involves performing a 68 tender joint/66 
swollen joint count to include the DIP joints, 
assessing the presence of dactylitis and enthesitis, 
and the severity of spinal involvement, if relevant. 
In the clinic situation it often helps to have a pro-
forma to aid this complex assessment process and 
to facilitate recording of data. Radiological studies 
can help clarify the diagnosis with a minimum 
plain radiographic set of hands, feet, and pelvis as 
the frequency of asymptomatic sacroiliitis in PsA 
should alert the physician to X-ray these joints if 
there is diagnostic suspicion of this disease. In 

early disease, when plain radiographs are normal, 
magnetic resonance imaging (MRI) can be of help 
as MRI changes precede plain radiographic abnor-
malities (see Chapter 4, Imaging).
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1
Epidemiology

Dafna D. Gladman

Psoriatic arthritis (PsA) has been defi ned as an 
infl ammatory arthritis, usually seronegative for 
rheumatoid factor, associated with psoriasis [1]. 
Other clinical features associated with PsA include 
the presence of spondylitis and sacroiliitis, dactyli-
tis (swelling of the whole digit), enthesitis (infl am-
mation at tendon insertion), and extra-articular 
manifestations of seronegative spondyloarthropa-
thies such as iritis, urethritis, infl ammatory bowel 
changes, and aortic root dilatation. The original 
description of PsA was that of a mild disease com-
pared with rheumatoid arthritis (RA) [2]. Moll and 
Wright described fi ve clinical patterns of PsA:

• predominantly distal joint disease, with distal 
interphalangeal (DIP) joint involvement;

• an oligoarthritis, usually asymmetric;
• a symmetric polyarthritis indistinguishable 

from RA;
• arthritis mutilans; and
• spondyloarthritis.

Subsequent authors have had diffi culty recogniz-
ing all the patterns and suggested other methods 
for the classifi cation of PsA [3]. Several proposed 
methods of classifi cation have been published, 
but none has been widely accepted or validated. A 
current examination of the classifi cation of PsA 
suggests that most of these methods function well 
in distinguishing patients with PsA from patients 
with other infl ammatory arthritis; however, a 
new classifi cation was developed by the CASPAR 
(ClASsifi cation of Psoriatic ARthritis) group [4].

Patients with PsA have a reduced quality of life 
compared with the general population and various 
instruments have been developed to measure this. 
Patients with PsA suffer from fatigue more fre-
quently than the general population. This was 

demonstrated by the administration of a modifi ca-
tion of the Krupp Fatigue Severity Score (FSS) [5,6]. 
This nine-item scale assesses the impact of fatigue 
on activities of daily living and is scored from 0 to 
10, with higher scores indicating more severe 
fatigue. The FSS for 75 patients with PsA was higher 
than for the 100 healthy controls (5.2 ± 3.0 versus 
3.9 ± 2.1, p = 0.001). A total of 45% of the PsA 
patients reported the presence of fatigue on clinical 
assessment. The mean FSS score in this group was 
6.9 compared with 3.8 in patients who did not 
report fatigue. Fatigue was associated with fi bro-
myalgia, tender joint count, morning stiffness, 
clinically damaged joint count, actively infl amed 
joint count, and hemoglobin [6]. Change in FSS 
over time, analyzed for 90 patients with PsA, was 
found to be related to changes in actively infl amed 
joints, suggesting that fatigue refl ects joint disease 
activity in these patients [7]. Recently, the Func-
tional Assessment of Chronic Illness Therapy 
(FACIT) Fatigue Scale was validated in PsA. The 
FACIT-Fatigue was reproducible and correlated 
with other fatigue measures as well as with disease 
activity in patients with PsA [8]. It was shown to be 
responsive to treatment in the ADEPT (Abnormal 
Doppler Enteral Prescription Trial) study [9].

Genetic factors are thought to contribute sig-
nifi cantly to the susceptibility and expression of 
both psoriasis and PsA, and some overlap between 
the genetic susceptibilities to the two diseases is 
likely. Therefore, informative data can be gathered 
by following the transmission of psoriasis along 
with PsA when attempting to elucidate the genetic 
basis of PsA. Evidence for the importance of genetic 
factors comes from family investigations, human 
leukocyte antigen studies, and genome scans; the 
latter being performed primarily in psoriasis.
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Some 40% of patients with PsA have a family 
history of either psoriasis or PsA in a fi rst-degree 
relative. Twin studies in psoriasis reveal that 
monozygotic twins are concordant for psoriasis 
much more than dizygotic twins. A total of 40% 
of the patients in our longitudinal cohort pro-
vided a family history of either psoriasis or 
PsA. Of the PsA patients, 48% reported a parent 
with psoriasis or PsA that may not have been 
previously recognized [10]. Twin studies in pso-
riasis reveal a concordance rate for monozygotic 
twins of 62–70% compared with 21–23% for 
dizygotic twins [11–13]. A very recent twin study 
from Denmark failed to identify an increased 
prevalence of PsA with one of 10 monozygotic 
twins and two of 25 dizygotic twins. However, 
the study was based on a small sample of 35 
twin pairs [14]. A segregation study in psoriasis 
concluded that a polygenic or multifactorial 
pattern is the most likely mode of inheritance 
[15]. There are no reports of segregation studies 
in PsA. A family investigation of 100 patients with 
PsA and 20 patients with psoriasis who did not 
have arthritis demonstrated that 12.5% of the PsA 
patients had relatives with documented PsA, 
whereas none of the relatives of patients with pso-
riasis had relatives with PsA [16]. Applying Risch’s 
analysis [17] the relative risk for a fi rst-degree 
relative (λ1) is 55, and the risk for siblings (λs) 
is 27.

Clearly, further studies are required to identify 
the genetic predisposition to PsA both among 
patients with psoriasis and among the general 
population. These will require large numbers of 
patients and families from diverse ethnic back-
grounds, and are likely to depend on international 
collaboration. Studies relating genetic factors to 
disease expression in PsA are currently ongoing.

FIGURE 1.1. Plaques are sharply demarcated, erythematous, and 
have a silvery-white surface scale. This patient also exhibits some 
of the nail changes that are common in psoriasis, namely dystro-
phy, pitting and accumulation of subungual debris. There is no 
direct relation between the severity of skin lesions and the degree 
of joint inflammation in psoriatic arthritis (PsA).

Typical psoriatic lesions in a patient with PsA

Incidence and prevalence data for PsA in published studies

Author

O'Neill & Silman [18]

Kaipiainen-Seppanen [19]

Shbeeb et al. [20] 

Hukuda et al. [21] 

Soderlin et al. [22] 

Savolainen et al. [23] 

Alamanos et al. [24]  

Minaur et al. [25] 

Site

Faroe Islands

Finland

Rochester, USA

Japan

Southern Sweden

Kuopio, Finland

Northwest Greece

Queensland, Australia

Source

Population-based

Medication database 

Population-based

Referrals to medical centers

Population-based referral study

Referrals for inflammatory arthritis

related to total population

Population survey

Aboriginal survey

Incidence /100,000

NA

6.8

6.59

0.06

8

23.2

3.02

NA

Prevalence /100,000

1500

NA

100

1.2

NA

NA

56.5

1500

FIGURE 1.2. Exact incidence and prevalence rates of PsA are not 
known. Incidence estimates vary from 3 to 23 per 100,000 individu-
als in a given population, whereas prevalence estimates range from 
1.2 to 1500 per 100,000 in published studies. Partly due to the lack 

of valid and widely accepted classification criteria, and partly due to 
the fact that it may be difficult to diagnose PsA at the bedside [26], 
it is likely that the rates published to date underestimate the true 
figures for incidence and prevalence. NA, not available.
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Prevalence of PsA among patients with psoriasis

Author

Leczinsky [27]

Vilanova & Pinol [28]

Little et al. [29] 

Scarpa et al. [30] 

Stern [31]

Zanelli & Wilde [32]

Barišic-Druško et al. [33]  

Salvarani et al. [34] 

Shbeeb et al. [35] 

Brockbank et al. [36] 

Alenius et al. [37] 

National Psoriasis Foundation

Zachariae [38]

Year

1948

1951

1975

1984

1985

1992

1994

1995

2000

2001

2002

2002

2003

Center

Sweden

Barcelona

Toronto

Napoli

Boston

Winston-Salem

Osijek region

Regio Emilia

Mayo Clinic

Toronto

Sweden

USA

Denmark

No. psoriasis patients

534

214

100

180

1285

459

553

205

1056

126

276

4.4 million

5795

% patients with PsA

7

25

32

34

20

17

10

36

6.25

31

48

23

30

FIGURE 1.3. Several investigators have attempted to identify the 
prevalence of PsA among patients with psoriasis. These figures 
have varied from 6% to 48%. As noted above, because there are 
no widely accepted criteria for the diagnosis or classification of 

Predominantly DIP joint involvement in PsA

a) b)

FIGURE 1.4. Predominantly distal joint involvement is one of the 
five clinical patterns of PsA in the classic description of the disease 
by Moll and Wright [1,2]. Involvement of distal interphalangeal 
(DIP) joints was described in 5% of their patients. (a) A patient with 
predominantly DIP joint involvement, which is particularly obvious 

PsA, the prevalence of the disease may be underestimated, even 
among patients with psoriasis. Most recent figures suggest a fre-
quency of 30%, which is probably accurate.

in the right hand. (b) Radiograph of the hands of the same patient 
confirms that DIP joints are affected. Subsequent studies have 
questioned the presence of these five patterns in PsA. In particular, 
several investigators have not identified isolated distal joint 
disease among their patients with PsA [39–41].
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Oligoarthritis in patients with PsA

b)a)

FIGURE 1.5. Oligoarthritis, where fewer than five joints are 
involved, most often in an asymmetric pattern, was found in the 
majority of patients (70%) in the Moll and Wright series [2]. 

Symmetric polyarthritis in PsA

b)a)

c)

FIGURE 1.6. Symmetric polyarthritis, which is clinically indistin-
guishable from rheumatoid arthritis (RA), was found in 20% of the 
patients in the Moll and Wright series [2]. Several studies have 
demonstrated subsequently that polyarthritis is more common 

among patients with PsA than initially described [42,43]. 
(a,b) Symmetric polyarthritis in a different patient. There is notice-
able involvement of the first PIP joints. (c) Symmetric polyarthritis 
affecting mainly PIP joints.

(a) Oligoarthritis involving proximal interphalangeal (PIP) joints in 
both hands. (b) A severe case of oligoarthritis affecting mainly the 
right hand.



Arthritis mutilans in PsA

b)a)

d)c)

FIGURE 1.7. Arthritis mutilans is a severely destructive form of 
arthritis. (a,b) Polyarthritis, marked psoriatic nail changes, and 
shortening of the first digit on the right hand are evident in this 
patient with arthritis mutilans. (c) Arthritis mutilans in PsA involv-

ing all digits. Some digits are shortened, others show evidence of 
ankylosis. (d) Severe arthritis mutilans in PsA resulting in extreme 
shortening of all digits.

Spondyloarthritis in PsA

b)a)

c)

FIGURE 1.8. Syndesmophytes are visible. Isolated spondylitis is 
rare in PsA. It has been difficult to classify patients who have spon-
dylitis together with peripheral arthritis based on the Moll and 
Wright classification. Gladman [42] has therefore reformatted the 
Moll and Wright classifications to include seven categories that are 

mutually exclusive: distal arthritis, oligoarthritis, polyarthritis, back 
only, back with distal, back with oligoarthritis, and back with poly-
arthritis. Arthritis mutilans was not considered a separate class 
since any of the patterns (except for isolated back involvement) 
may have features of arthritis mutilans.



Change in patterns of PsA in 664 patients in an inception cohort

First clinic visit

Arthritis pattern

0

1

2

3

4

5

6

7

TOTAL at diagnosis

0, remission; 1, distal only; 2, oligoarthritis; 3, polyarthritis; 4, back only; 5, back + distal; 6, back + oligoarthritis; 7, back +  polyarthritis

TOTAL

First clinic visit

5

36

111

267

21

20

36

168

664

0

0

0

0

0

0

0

0

0

0

1

0

22

10

38

0

9

2

4

85

2

2

6

74

69

1

4

14

48

218

3

2

7

17

143

4

2

3

54

232

4

0

0

1

0

15

3

5

5

29

5

1

0

1

3

0

0

3

5

13

6

0

1

4

3

0

2

8

11

29

7

0

0

4

11

1

0

1

41

58

At diagnosis

FIGURE 1.9. One of the difficulties in identifying PsA patterns at onset 
is that patients are not often seen exactly at disease onset and pat-
terns do change over time. This figure depicts the pattern of arthritis 
recognized by the patient at onset, compared with the pattern 
observed at the first visit by the physician. Helliwell et al. [44] reevalu-
ated the Moll and Wright classification and suggested that three 
patterns describe patients with PsA: a peripheral arthritis, axial arthri-
tis, and extraosseous manifestations including the SAPHO (synovitis, 
acne, pustulosis, hyperostosis, and osteitis) syndrome. Veale et al. 
[45] also suggest that there may be an alternate way to describe the 
patterns seen in PsA. They too suggest three patterns: asymmetric 

Dactylitis in fingers and toes in PsA

a) b)

FIGURE 1.10. Some patients may present with dactylitis, in which case the diagnosis is facilitated. Dactylitis is characterized by diffuse 
swelling of the entire digit, along with arthritis of the joint. It can affect the toes as well as the fingers.

oligoarthritis, symmetric polyarthritis, and spondyloarthritis. Without 
specific definitions a reduction in the number of patterns may not be 
more helpful in the classification of PsA. While at presentation the 
patterns appear to hold true, over time there are changes in pattern. 
Patients who present with oligoarthritis may accrue more joints and 
become polyarticular, whereas others who are treated may change 
from polyarticular to oligoarticular [46,47]. Back involvement occurs 
later in the course of the disease and requires radiographic evaluation 
as many patients with PsA and back disease are asymptomatic 
[48,49]. This leads to difficulties in using clinical patterns for the clas-
sification of the disease at its later stages.
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Photograph and radiograph of enthesitis in PsA

a) b)

FIGURE 1.11. Patients may present with enthesitis, inflammation 
of the point of attachment of a tendon, ligament, or joint capsule 
to a bone. Inflammation commonly leads to formation of new 

Adjusted mean SF-36 health survey scores for PsA

sample and UK and USA general populations

SF-36 scales

Physical functioning

Social functioning

Role physical

Role emotional

Mental health

Vitality

Pain

General health

*p value comparing PsA to UK and USA populations
†p value comparing PsA to UK population only

PsA

68.8

81.4

65.8

71.4

73.0

57.5

61.5

58.8

UK

86.2

88.4

84.6

84.4

75.1

61.7

80.9

72.0

USA

85.2

84.6

82.9

82.9

75.6

62.4

74.0

72.1

p value*

0.0001

0.01†

0.0001

0.05

NS

NS

0.0001

0.0001

FIGURE 1.12. The Medical Outcome Survey (MOS) Short Form 36 
(SF-36) is a generic questionnaire that is commonly used to assess 
quality of life among patients with rheumatologic disorders [50]. 
Its advantage is that it allows comparison among patients with 
different medical conditions. Husted et al. studied 113 patients 
with PsA [51]. They found that the quality of life was lower in 
patients with PsA compared with both US and UK control groups. 
The same group also found that the SF-36 was more responsive to 
changes in clinical status than the Health Assessment Question-
naire (HAQ) or the Arthritis Impact Measurement Scale (AIMS) [52]. 
A recently developed instrument for assessment of quality of life 
among patients with PsA also demonstrated reduced quality of life 
[53]. This instrument was developed through questioning patients 

with PsA and was validated against other quality-of-life instru-
ments such as the European Quality of Life (EUROQoL) scale. It 
remains to be seen how it compares with the SF-36 and HAQ, and 
whether it is responsive to clinical changes. The HAQ was devel-
oped specifically for patients with arthritis. It has also been studied 
in patients with PsA. Patients with PsA demonstrate impaired func-
tion compared with healthy controls, as well as compared with 
patients with RA [54,55]. The HAQ has shown responsiveness in 
clinical trials in PsA [56,57]. These trials have demonstrated a sig-
nificant response with an average reduction of 0.6. A minimally 
clinically important change of 0.3 has been recommended [58]. NS, 
not significant. Adapted from [51].

bone at the enthesis. Some investigators have questioned the pos-
sibility that enthesitis alone can be a pattern in PsA.
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Predictive factors for mortality in PsA

Factor

Prior medication

Radiographic damage

ESR >15

Nail changes

Relative risk

1.83

3.88

3.77

0.33

Confidence interval

0.93, 3.60

1.32, 11.35

1.31, 10.83

0.14, 0.76

p value 

0.079

0.014

0.013

0.009

Factors associated with remission in PsA

Characteristic

Mean age

Male

Age at onset

Psoriasis

Arthritis

Disease duration

Psoriasis

Arthritis

Arthritis pattern

Peripheral only

Spine

Active joints

Effusions

Deformed joints

Damaged joints

ACR FCI

Neck pain

PASI

No medications

IA injections

Remission group (n=69)

42.6

49 (71%)

29.2

35.8

12.7

6.1

45 (73%)

17 (27%)

6.0

2.1

2.8

3.2

27 (39%)

15 (22%)

8.3

40 (58%)

15 (22%)

Non-remission group (n=178)

42.0

90 (51%)

28.6

34.5

13.4

7.5

111 (64%)

63 (36%)

12.8

3.3

3.3

5.8

39 (22%)

65 (37%)

5.4

76 (43%)

73 (41%)

p value

0.73

0.01

0.77

0.44

0.66

0.21

0.21

0.01

0.01

0.05

0.01

0.01

0.02

0.16

0.03

0.01

FIGURE 1.14. Remission, defined as a period of at least 12 months 
without any actively inflamed joints, was documented in 17.6% of 
patients in one study. Patients who achieved remission tended to 
have a lower number of actively inflamed joints at presentation 
[68]. Patients who sustained remission tended to be male, with a 
lower number of actively inflamed joints at presentation. However, 

FIGURE 1.13. Initially, PsA was thought to be a mild disease but 
recently it has been demonstrated to be a progressive deforming 
disease with increased mortality risk. One study suggested that 
there was good outcome in patients who had been admitted to 
hospital [59]. However, several recent studies have shown that there 
is progressive disease over a period of 5 years [60,61]. Studies further 
document that polyarthritis at presentation is a predictor for pro-

gression, as are some genetic markers [62–64]. Indeed, within the 
first 2 years of PsA 47% of patients had evidence of erosive disease 
[65]. Patients with PsA have also been shown to have an increased 
mortality risk compared with the general population [66]. The major 
causes of death are similar to those of the general population, and 
previous active and severe disease are predictors for mortality [67]. 
ESR, erythrocyte sedimentation rate. Adapted from [67].

after a period of remission of 2.6 years, 52% of the patients went 
on to flare. Only six patients sustained a complete remission, 
having no evidence of actively inflamed joints or damaged joints, 
and on no medications. ACR, American College of Rheumatology; 
FCI, Functional Class Index; IA, intra-articular; PASI, Psoriasis Activ-
ity and Severity Index. Adapted from [68].
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FIGURE 1.15. Human leukocyte antigen (HLA) studies support the 
genetic susceptibility to PsA. Class I antigens HLA-B13, HLA-B17 
and its split HLA-B57, HLA-B39, HLA-Cw6, and HLA-Cw7 have con-
sistently shown a positive association with psoriasis in population 
studies [69,70]. The largest and most consistently reported relative 
risk (RR) has been with HLA-Cw6 (RR = 22). The presence of HLA-
Cw*0602 is associated with more severe psoriasis [71]. Whether 
the HLA-Cw*0602 allele or a neighboring gene is the susceptibility 
gene has yet to be determined [72]. With respect to class II anti-
gens, HLA-DR4 and HLA-DR7 have been shown to be associated 
with psoriasis [73,74]. Antigens HLA-B13, HLA-B16 and its splits 
HLA-B38 and HLA-B39, as well as HLA-B17 and HLA-Cw6 are asso-
ciated with psoriasis, with or without arthritis, while HLA-B27 and 
HLA-B7 are associated with PsA [69]. HLA-B27 was associated 
with back involvement, while HLA-B38 and HLA-B39 occurred 
more frequently among patients with peripheral polyarthritis 
[69,70,74,76]. Patients with PsA with the RA-like symmetric poly-

arthritis were noted to have a higher frequency of HLA-DR4 [69]. 
Molecular techniques using restriction fragment length polymor-
phism (RFLP) analysis of class II as well as T-cell receptor genes in 
PsA and psoriasis demonstrated an association with the HLA-
DRB1*0701 (DR7a) gene but not with T-cell receptor genes [77]. 
HLA-DRB1*0401 was significantly lower among patients with PsA 
compared with those with RA, whereas HLA-DRB1*0402 is higher 
among patients with PsA (p < 0.01) [78]. HLA-DRB1 ‘shared 
epitope’ alleles were associated with radiographic changes in 
patients with PsA in one study [79]. MICA (MHC class I chain 
related), which resides centromeric to the HLA-B locus, has been 
found to be associated with PsA [80]. There is also evidence that 
other genes in the HLA region on chromosome 6 may be impor-
tant, including tumor necrosis factor (TNF)-α and its promoter 
[81,82]. HLA has been identified as a candidate gene for PsA using 
sibpair analysis [83].
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HLA antigens and disease progression in PsA
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Damage states are based on clinical features including

deformities, ankylosis, subluxation, flail joints.

1, no damage; 2, 1–4 damaged joints; 3, 5–9 damaged joints;

4, >10 damaged joints. *Applies to the 1 to 2 transition only.

1–2

0.19

1.24

2.41

6.49

0.85
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0.51

2–3

0.19

1.24

2.41

2.05

0.85

1.60

0.51

3–4
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1.24

2.41

1.31
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1.60

0.51

p value

0.002

0.250

0.006

<0.0001*

0.45

0.008

0.032
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FIGURE 1.16. In addition to being associated with the disease, 
HLAs have been identified as prognostic markers for the progres-
sion of clinical damage in PsA. In a study that included only the 
HLA antigens previously associated with either psoriasis or PsA, 
HLA antigens served as prognostic factors in patients with PsA 
[84]. HLA-B39 alone, HLA-B27 in the presence of HLA-DR7, and 
HLA-DQw3 in the absence of HLA-DR7, conferred an increased risk 
for disease progression measured by the extent of clinical damage.
The interaction between HLA-B27 and HLA-DQw3 with HLA-DR7 
suggests a role for more than one gene in disease progression. The 
addition of all HLA antigens detected in the patient population 
studied to the above model identified HLA-B22 as ‘protective’ for 
disease progression [84]. These studies used the progression of 
clinical damage as an outcome. The role of HLA markers in predict-
ing progression of radiographic damage requires further study. 
HLA-Cw*0602 was associated with an earlier age of onset of pso-
riasis in patients with PsA [86]. Adapted from [84].

Genetic basis of psoriasis: genome scans

17q Tomfohrdre J et al. Science 1994; 264:1141–1145 [87] 

Nair RP et al. Hum Mol Genet 1997; 6:1349–1356 [88] 

4q Matthews D et al. Nat Genet 1996; 13:231–233 [89] 

6p Burden AD et al. Br J Dermatol 1996; 135:815–851 [90] 

Trembath RC et al. Hum Mol Genet 1997; 6:813–820 [91] 

Samuelsson L et al.Hum Genet 1999; 105:523–529 [92] 

Leder RO et al. Hum Heredity 1998; 48:198–211 [93] 

Veal CD et al. J Med Genet 2001; 38:7–13 [94] 

1p Veal CD et al. J Med Genet 2001; 38:7–13 [94] 

FIGURE 1.17. Several genome scans performed in psoriasis have 
demonstrated linkage with genes on chromosome 1p, 4q, 6p, 16q, 
and 17q [87–94]. By far the strongest association is with a locus on 
chromosome 6p. Indeed, a gene for psoriasis has been proposed 
for that, telomeric to the HLA-B locus. A recent analysis of all 
families for whom complete data were available in the literature 
suggests that the HLA-B locus is in linkage disequilibrium with the 
PSORS1 gene [93]. This gene may be the corneodesmosin gene or 
may be a gene close to it [95–97]. Most recently, the International 
Psoriasis Genetics Consortium assessed linkage to 14 candidate 
genes previously reported in psoriasis [98]. They confirmed the 
strong linkage with the MHC, and evidence for allele sharing on 
chromosomes 16q and 10q. The studies in this figure included 
primarily patients with psoriasis, with minimal analysis of patients 
with PsA. A recent study documented a locus for PsA on 16q [99]. 
The peak of the LOD score is within 20  Mb of the CARD15 gene 
(MIM 605956), similar to the area implicated from a genome-wide 
scan in psoriasis [88]. CARD15 has been shown to confer suscepti-
bility to Crohn’s disease [100], where there is an increased inci-
dence of psoriasis. Although no association between CARD15 
polymorphisms and psoriasis was detected in two studies 
[101,102], CARD15 was recently found to be an independent non-
HLA gene associated with PsA [103]. This latter study was per-
formed in a founder population in Newfoundland, Canada, and 
may reflect linkage disequilibrium with another gene that has yet 
to be identified. Thus, while there are some genetic factors that 
predispose to both psoriasis and PsA, others are identified for spe-
cific manifestations of the disease.
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2
Etiology and Pathophysiology

Christopher Ritchlin and Jennifer Barton

Initially considered to be relatively benign and 
uncommon, one-third of patients with psoriasis 
have arthritis, and a majority of those affected 
experience a chronic, progressive course [1,2]. 
Psoriatic arthritis (PsA) is distinguished from 
rheumatoid arthritis (RA) by its unique clinical 
manifestations, characteristic radiographic fi nd-
ings, and the absence of rheumatoid factor. 
Patients often present with focal infl ammation at 
multiple sites that include skin, joints, and tendon 
insertion sites or entheses. Clues to the pathogen-
esis of the disease have arisen out of observations 
that reveal a strong family history of psoriasis in 
PsA patients, an association of skin and joint 
disease with class I major histocompatibility 
complex (MHC) alleles, and paternal transmis-
sion. Environmental factors such as trauma or 
infection have also been shown to trigger skin and 
joint infl ammation. The uncovering of the patho-
genesis of PsA has been limited by small numbers 
of studies, the paucity of appropriate animal 
models, and the confounding presence of a disease 
within a disease, whereby factors associated with 
psoriasis can obscure those related to arthritis. 
However, the advent of biological therapies has 
improved treatment responses and helped to 
further the understanding of the role of specifi c 
effector cell populations to ongoing infl ammation 
and to better defi ne the role of both pro- and 
anti-infl ammatory cytokines in vivo. This chapter 
will review the etiology of PsA, including a dis-
cussion of genetic and environmental factors, as 
well as the pathophysiology of the four principle 
anatomic sites of involvement in the disease: 
psoriatic plaque, the synovial membrane, the 

enthesis, and bony and cartilaginous structures 
in the psoriatic joint.

Etiology

Genetic factors

Population and twin studies support the infl uence 
of heritable factors on phenotypic expression of 
psoriasis and PsA [3]. (See Chapter 1, Epidemiol-
ogy, for a detailed discussion of the role of genet-
ics in PsA.)

Environmental factors

Compelling evidence suggests that trauma and 
infection play a prominent role in the etiologic 
pathway of PsA. Koebner phenomenon (psoriatic 
lesions arising at sites of trauma) occurs in up to 
one-quarter to one-half of psoriasis patients [4]. 
In one study, 25% of patients reported develop-
ment of PsA following trauma to a joint.

Infection has been linked to PsA. In children, a 
strikingly high association between guttate pso-
riasis and preceding streptococcal pharyngitis 
and tonsillitis exists [5]. In adults, circulating 
antibodies to microbial peptidoglycans and ele-
vated levels of group A streptococcal 16S RNA 
have been identifi ed in the blood of PsA patients, 
but not in controls [6]. The striking infl ammatory 
response to streptococcal and staphylococcal 
superantigens in non-involved psoriatic skin, but 
not in atopic dermatitis or lichen planus, suggests 
that superantigen pathways of cell activation may 
be important in psoriasis [7,8].
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Pathogenesis

Traditionally, psoriasis has been viewed as a 
hyper-proliferative disorder [9]. Initial research 
efforts focused on abnormal keratinocyte prolif-
eration. More recently, emphasis has shifted to 
the role of T-lymphocytes as the critical effector 
cells necessary for the induction of psoriasis. Evi-
dence from the severe combined immunodefi -
ciency (SCID) mouse:human skin chimera model 
and from reports showing the effect of specifi c anti-
T-cell therapies (cyclosporine, 6-thioguanine, and 
diphtheria IL-2 fusion toxin) in psoriasis have 
underscored the importance of these cells in the 
disease [10].

Synovial membrane characteristics

Several histopathologic features appear to distin-
guish PsA from RA. In one study, the degree of 
lymphocytic infi ltration was similar, but the pso-
riatic synovial tissues showed greater vascularity 
and less synovial lining hyperplasia and mono-
cyte/macrophage infi ltration than rheumatoid 
tissues [11]. A striking feature seen in psoriatic 
but not rheumatoid joints, when viewed through 
an arthroscope, is the marked tortuosity and 
dilatation of blood vessels [12]. Levels of vas-
cular endothelial growth factor (VEGF) and 
angiopoietin-2 (Ang-2) were upregulated in pso-
riatic compared with rheumatoid synovium in 
early disease; methotrexate reduced tissue vas-
cularity and VEGF levels [13]. Higher levels of 
helper T-lymphocyte cytokines IL-2 and inter-
feron-gamma were produced in tissue explants 
from psoriatic when compared with rheumatoid 
patients [14].

Enthesis

Unusual in RA, enthesopathy or infl ammation at 
tendon or ligamentous insertion sites is a hall-
mark feature of PsA [15]. Most common clinical 
syndromes include plantar fasciitis, epicondylitis, 
and Achilles tendonitis. Pathogenesis of enthe-
sopathy is not well understood but fat-suppressed 
magnetic resonance imaging (MRI) studies reveal 
bone marrow edema adjacent to entheseal inser-

tion sites [16] and, on biopsy, infi ltration of CD8 
cells and macrophages in underlying subchondral 
bone [17]. Treatment with an anti-tumor necrosis 
factor (TNF) agent, etanercept, reversed abnor-
mal MRI signals [18].

Mechanisms of joint destruction

Radiographs of psoriatic joints often manifest 
cartilage loss through joint space narrowing as 
well as altered bone remodeling as seen in the 
form of tuft resorption, large eccentric erosions, 
and pencil-in-cup deformities. Cartilage destruc-
tion is mediated by matrix metalloproteinases 
(MMPs), enzymes that degrade collagens and 
other matrix molecules (proteoglycans, fi bronec-
tin, gelatins, laminin). MMP-1 to MMP-3 and 
MMP-9 have been detected in PsA synovium. In 
addition, tissue inhibitors of metalloproteinases 
(TIMP-1, TIMP-2) have been identifi ed in cells 
infi ltrating the psoriatic synovial lining.

Psoriatic joint biopsies demonstrate large 
multinucleated osteoclasts in deep resorption 
pits at the bone-pannus junction [19]. Osteo-
clastogenesis (differentiation of osteoclasts) is a 
contact-dependent process [20]. Osteoblasts and 
stromal cells in the bone marrow direct this 
process by release of two different signals (mac-
rophage-colony-stimulating factor [M-CSF] and 
receptor activator of NF-κ B ligand [RANKL]) 
that stimulate proliferation and differentiation 
of an osteoclast precursor (OCP) [21]. Osteo-
protegerin (OPG) is the natural antagonist of 
RANKL [22].

In psoriatic synovial tissues, marked upregula-
tion of RANKL protein and low expression of 
OPG was detected in the adjacent synovial lining. 
OCPs were also noted to be markedly elevated in 
the peripheral blood of PsA patients compared 
with healthy controls [19]. Treatment of PsA 
patients with anti-TNF agents signifi cantly 
decreased levels of OCPs. New bone formation 
manifests radiographically as periostitis and bony 
ankylosis [23]. The cellular and molecular mecha-
nisms that are responsible for new bone forma-
tion are unknown, although a role for VEGF and 
bone morphogenic protein (BMP)-4 has been pro-
posed [24].
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FIGURE 2.1. mRNA, messenger RNA; PsA, psoriatic arthritis; RA, rheumatoid arthritis; RNA, ribonucleic acid; TNF, tumor necrosis factor.

Environmental factors in the pathogenesis of RA

Trauma

Infection

Koebner phenomenon (psoriatic lesions arising at sites of trauma) occurs in up to a quarter to one-half of PsA patients. PsA has 

also been reported to arise in joints subjected to trauma (deep Koebner phenomenon)

In children, a strikingly high association between guttate psoriasis and preceding streptococcal pharyngitis and tonsillitis exists.

High levels of circulating antibodies to microbial peptidoglycans and elevated levels of group A streptococcus 16S RNA

identified in peripheral blood of PsA patients [6]

Streptococcal and staphylococcal superantigens promote inflammation and upregulate keratinocyte TNF mRNA expression

when applied to non-involved psoriatic skin

Histology of psoriatic plaque

FIGURE 2.2. Note striking acanthosis (excessive thickening of the 
intermediate cell layer), elongation of rete-ridges, and intense 
subdermal perivascular lymphocytic infiltrate.

Vascular morphology in psoriatic and

rheumatoid synovium

a)

b)

FIGURE 2.3. Vascular morphology in (a) psoriatic and (b) rheuma-
toid synovium as viewed through an arthroscope. Note the tortu-
ous bushy vessels in the psoriatic membranes compared with the 
straight, branching pattern characteristic of rheumatoid synovium. 
Reproduced with permission from [12].
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In situ hybridization for VEGF and Ang-2 mRNA in patients with early PsA and RA 

PsA

VEGF

Ang-2

RA

FIGURE 2.4. Synovial specimens from patients with PsA and RA 
were hybridized with vascular endothelial growth factor (VEGF) 
and angiopoietin-2 (Ang-2) mRNA probes.VEGF and Ang-2 mRNA 

Synovial membrane characteristics – features of psoriatic synovium

Synovial lining

thickness

Vascularity

Cytokines

T-lymphocytes

Less synovial lining layer hyperplasia and monocyte/macrophage infiltration than rheumatoid specimens [11]

Marked tortuosity and dilation of blood vessels in a psoriatic joint viewed through an arthroscope [12]

Upregulated levels of VEGF and Ang-2 compared to rheumatoid synovium in early disease [13]

Th1 pattern of cytokine production (IL-2 and IFN-γ but not IL-4 and IL-5) [14,25]. High concentrations of IL-10, IL-1β, and

TNF-α [26,27]

Infiltrating T-lymphocytes enter deeper layers in both psoriatic skin and joints and promote hyperproliferation of more

superficial cells (keratinocytes in skin and synovial lining cells in the joint)

FIGURE 2.5. IFN, interferon; IL, interleukin; Th1, T helper 1 cell; TNF-α, tumor necrosis factor-alpha.

expression were significantly higher in PsA synovial specimens. 
Representative synovial tissues from a PsA and RA joint are shown. 
Reproduced with permission from [13].
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MRI showing acute enthesitis

FIGURE 2.6. Magnetic resonance imaging (MRI) showing acute enthesitis in the plantar fascia and the Achilles tendon. Diffuse osteitis is 
seen adjacent to insertions (arrows).

Undifferentiated SpA at baseline and 6 months

after treatment

†

*

b)a)

FIGURE 2.7. T1-weighted, fat-suppressed, post-gadolinium 
coronal sequence of the left second distal interphalangeal (DIP) 
joint of a patient with undifferentiated spondyloarthropathy (SpA). 
(a) Baseline study showing subcutaneous edema (asterisk) and 

bone marrow edema (dagger). Note inflammatory changes in the 
collateral ligament (black arrow). (b) The same joint after 6 months 
treatment with the anti-TNF agent etanercept. Reproduced with 
permission from [18].
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Distal digit osteolysis in PsA

b)a)

FIGURE 2.8. Osteolysis of the distal digits of (a) the feet and (b) hands of a patient with PsA. Reproduced with permission from [28].

Osteoclasts are prominent in the

psoriatic joint

FIGURE 2.9. A representative example of a large multinucleated 
osteoclast at the advancing edge of the pannus in a psoriatic joint. 
Reproduced with permission from [19].

Radiographs

Cartilage

Matrix metalloproteinases

(MMPs) and tissue

inhibitors of MMPs

(TIMPs)

Joint space narrowing

Altered bone remodeling

• tuft resorption

• large eccentric erosions

• pencil-in-cup deformities

New bone formation

• periostitis

• bony ankylosis [23]

MMP-9 localizes to blood vessel

walls

MMP-1 to MMP-3 and TIMP-1

and TIMP-2 show cellular and

interstitial staining pattern in

synovial lining

MMP-3 serum levels markedly

decrease following anti-TNF

therapy [29,30]

Bone and cartilage destruction in PsA

FIGURE 2.10
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Osteoclastogenesis pathway

Osteoclast3

2

1

4

Osteoclast
precursor

Osteoblast or
stromal cell

PTH
Vit. D

ILs
TNF
tec.

RANKL

RANK

OPG

Bone

M-CSF

FIGURE 2.11. (1) Osteoblasts and stromal 
cells express receptor activator of NF-κ B 
ligand (RANKL) in response to a variety of 
factors, including parathyroid hormone (PTH), 
vitamin D (vit D), and TNF-α. (2) RANKL binds 
to the receptor RANK expressed on the surface 
of preosteoclasts (CD14+ monocytes) and 
osteoclasts (OCs). (3) In the presence of 
monocyte-colonystimulating factor (M-CSF) 
and RANKL, preosteoclasts mature into OCs 
capable of resorbing bone. (4) Osteoprote-
gerin (OPG), a physiologic decoy molecule, 
can bind to RANKL and inhibit OC differentia-
tion and activation. In the inflamed joint, 
synovial lining fibroblastoid cells and infiltrat-
ing T-lymphocytes express RANKL. Repro-
duced with permission from [31].

Blood vessel
EC

OCP

OCP
RANK

RANKL
M-CSF,
TNF-α

OC

Synovium
Cartilage

Subchondial
bone

Cutting
cone OC

M-CSF,
TNF-α

Stromal cell/
osteoblast

OCP

RANKL
RANK

EC
OCP

Blood vessel

Schematic model of osteolysis in the psoriatic joint

FIGURE 2.12. Extensive erosions in PsA are 
mediated by a bi-directional attack on 
bone. Circulating osteoclast precursors 
(OCPs) enter the synovium and are induced 
to become OCs by receptor activator of 
RANKL expressed on synoviocytes (outside–
in). In parallel, OCPs traverse endothelial 
cells and undergo osteoclastogenesis fol-
lowing RANKL stimulation from osteoblasts 
(inside–out). EC, endothelial cell.
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3
Clinical Evaluation

Philip Helliwell

Although psoriatic arthritis (PsA) was initially 
thought to be a variant of rheumatoid arthritis 
(RA), the pioneering work of Wright and Baker 
identifi ed the distinctive features of the arthritis 
occurring in association with psoriasis [1]. Wright 
described the frequent involvement of distal inter-
phalangeal (DIP) joints with erosion and absorp-
tion of the terminal phalanges and frequent 
reduction of bone stock in the other digits leading 
to a mutilating form of arthritis. Wright also 
described sacroiliitis and spondylitis occurring 
alone and in association with peripheral arthritis. 
The original fi ve clinical subgroups described 
by Moll and Wright are still in use today, 
although the validity of this classifi cation has 
been challenged [2].

Wright and Moll later defi ned the concept of 
the sero negative spondyloarthropathies (SpAs) as 
a group of disorders sharing common clinical 
features, including (as a hallmark feature) sacroi-
liitis, a seronegative (for rheumatoid factor) 
anodular asymmetric peripheral oligoarthritis, a 
hyperkeratotic and sometimes pustular rash on 
the hands and soles (keratoderma blenorrhagica), 
peripheral and central enthesitis, anterior uveitis, 
and familial aggregation [3]. The discovery of the 
high prevalence of human leukocyte antigen 
(HLA)-B27 in ankylosing spondylitis and other 
diseases in this group provided confi rmation of 
this concept. PsA fi t very well into the SpA group, 
often demonstrating many of the shared clinical 
features described above. It is therefore some-
times diffi cult to differentiate PsA from other 

SpAs, such as reactive arthritis and ankylosing 
spondylitis. Pure axial disease in association with 
psoriasis may resemble classic ankylosing spon-
dylitis but it is usually less severe with atypical 
radiologic features.

Despite clinical, radiologic and familial evi-
dence supporting PsA as a distinct disease entity, 
controversy still exists about which patients to 
include within this disease group. Some authors 
have even questioned whether PsA is a separate 
disease, suggesting that psoriasis merely modi-
fi es the expression of pre-existing RA. Other 
authors have argued that new onset chronic poly-
arthritis is undifferentiated and only evolves into 
a more distinctive form with time, such that the 
presence of psoriasis at onset of disease is of no 
value in nosologic terms [4]. The problem is 
not with the classic presentation of PsA – with 
oligoarthritis, DIP joint involvement, calcaneal 
enth esitis and dactylitis – but with the group of 
patients who have seronegative polyarthritis and 
psoriasis.

Overall, the sex ratio in PsA approximates unity 
but will vary across the subgroups so that males 
predominate in the spondylitis and oligoarthritis 
groups, while females predominate in the most 
frequent subgroup, symmetric polyarthritis, as 
also occurs in RA.

The peak age of onset of PsA is similar to that 
found in RA (20–40 years). In most cases, this is 
later than the onset of psoriasis so that the pso-
riasis precedes the arthritis in PsA. However, a 
potential source of diagnostic confusion occurs 
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when the arthritis precedes the psoriasis, as 
it does in 15–20% of cases [5]. For this reason 
it is important for the physician to check thor-
oughly for clinical stigmata of psoriasis, including 
examination of the nails, scalp, the soles and 
palms, and the fl exural areas, particularly the 
natal cleft.

Clinical evaluation of patients with suspected 
PsA should be systematic and include an assess-
ment of the skin, the entheses, and the spine. The 
importance of family history cannot be overem-
phasized as part of the clinical evaluation because 
of familial clustering, initially described by Wright 
and others. Evaluation of the established case 
should include an assessment of the skin and 
joints, taking into account the distinctive features 
of PsA. Although there are well-established ways 
of measuring the skin involvement, many clini-
cians make a quasi-objective appraisal and record 

‘mild, moderate, or severe’. From the articular 
point of view, evaluation involves performing a 78 
tender joint/76 swollen joint count to include the 
DIP joints, assessing the presence of dactylitis and 
enthesitis and the severity of spinal involvement, 
if relevant.

In the clinic situation it often helps to have a 
pro forma to aid this complex assessment process 
and to facilitate recording of data. Radiologic 
studies can help clarify the diagnosis with a 
minimum plain radiographic set of hands, feet, 
and pelvis. The frequency of asymptomatic sac-
roiliitis in PsA should prompt the physician 
to X-ray these joints if there is diagnostic suspi-
cion of PsA. In early disease, when plain radio-
graphs are normal, magnetic resonance imaging 
(MRI) can be of help as MRI changes precede 
plain radio graphic abnormalities (see Chapter 4, 
Imaging).

PsA clinical subgroups of Moll and Wright

Distal interphalangeal predominant disease (5%)

Asymmetric oligoarthritis (70%)

Symmetric polyarthritis (15%)

Predominant spinal involvement (5%)

Arthritis mutilans (5%)

FIGURE 3.1. Clinical subgroups of Moll and Wright are shown, with 
their respective percent contribution to the whole group [6]. 
Although this classification is still widely used, other classifications 
have been proposed, largely to simplify and provide a basis for 
explanatory studies [2,7]. However, it is clear that the proportion 
of each of the original Moll and Wright subgroups has changed 
with recent publications, the symmetric polyarthritis subgroup 
now being the predominant group. Assuming that there have 
been no fundamental changes to the disease in the last 40 years, 
it must be concluded that subsequent authors have identified 

cases in a different way than Moll and Wright. The original criteria 
were designed to be sensitive without being too specific, but it is 
likely that Moll and Wright were using other features of the disease 
to make their diagnosis. In other words they were using implicit, 
but undeclared, features to enhance the specificity of their criteria. 
Later authors, unaware of this, have interpreted the Moll and 
Wright criteria to the latter – resulting in the inclusion of more 
patients with symmetric polyarthritis. As a result of this, it is pos-
sible that some of the patients included in the later series have 
seronegative rheumatoid arthritis (RA) with coincidental psoriasis.



DIP joint inflammation

Asymmetric oligoarthritis

b)a)

FIGURE 3.3. Moll and Wright described asymmetric oligoarthritis 
as the most common clinical presentation of PsA. (a) The original 
description was of ‘scattered distal interphalangeal, proximal 
interphalangeal, and metatarsophalangeal joints’ in an asymmet-
ric pattern [6]. Contemporary authors include a single large joint 
within this group [10]. The combination of heel pain (due to 
enthesitis), dactylitis, and oligoarthritis is described as almost char-
acteristic of PsA by some authors. The distinction between oligo-
arthritis (which is inherently more likely to be asymmetric) and 
polyarthritis is probably of little practical use for two reasons. First, 
it may be a matter of quantity rather than quality – ultrasound and 

magnetic resonance imaging (MRI) have demonstrated subclinical 
involvement of joints and an outward oligoarthritis may in fact be 
a polyarthritis if non-involved joints are examined by these imaging 
techniques. Second, joint patterns evolve with time, most com-
monly from an oligoarthritis at presentation to a polyarthritis as 
time passes [11]. (b) Nevertheless, the patient with a persistently 
swollen knee who experiences recurrent massive effusions but 
with minimal pain and disability is sometimes seen in this condi-
tion and probably does not progress as would be expected for 
other inflammatory arthritides. Part (b) reproduced with permis-
sion from [10].

FIGURE 3.2. Distal interphalangeal (DIP) joint inflammation is a 
hallmark of this disease and is frequently seen in association with 
psoriasis of the nails. Involvement of the DIP joint in psoriatic 
arthritis (PsA) is almost always associated with psoriatic nail 
changes. Despite this, isolated DIP joint involvement in PsA may 
be missed, even by experienced observers [8]. Psoriatic onychopa-
thy may be linked independently to inflammatory and osteolytic 
changes in the distal phalanx, even in the absence of PsA. In the 
absence of psoriasis, clinical involvement of the DIP joints may be 
indistinguishable from inflammatory osteoarthritis. However, DIP 

inflammation may present in such a way as to leave no doubt 
about the diagnosis with characteristic involvement of the inter-
phalangeal joints of the thumb and great toes (the eponymous 
Bauer’s digit) and of the DIP joints of the feet, rarely described in 
osteoarthritis. If there is doubt clinically, radiologic studies should 
help to separate inflammatory osteoarthritis from PsA as the latter, 
apart from producing characteristic differences at the joint (‘whis-
kering’ due to juxta-articular new bone formation), may also 
produce typical changes in the terminal phalanx, including tuft 
erosion and osteolysis [9].
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Classic ankylosing spondylitis

FIGURE 3.5. Although classic ankylosing spondylitis is seen in 
association with psoriasis, radiographic differences between classic 
ankylosing spondylitis (and the spondylitis associated with 
inflammatory bowel disease) and psoriatic spondylitis (and the 
spondylitis associated with reactive arthritis) suggest a different 
phenotype. Further, axial radiographic changes may occur in PsA 
in the absence of symptoms. It is perhaps more compelling to 
regard the issue as one of quantity rather than quality – the disease 
is merely less extensive in PsA rather than a completely different 
disease process. The radiographic differences can be summarized 
as: asymmetric sacroiliitis; more frequent non-marginal ‘chunky’ 
syndesmophytes; less frequent marginal syndesmophytes; para-
vertebral ossification; and more frequent involvement of cervical 
spine. The prevalence of spondylitis depends, to some extent, on 
the method used to identify spinal involvement. Clinical maneu-
vers to test sacroiliac joint involvement are generally thought to 
be insensitive. Williamson et al. [12] have demonstrated poor 
sensitivity (38%) and specificity (67%) of clinical tests for sacroiliac 
involvement. Clearly, diagnosis and classification on symptoms 
alone are insufficient and some form of objective imaging appears 
necessary to complete the picture. The cost and limited availability 
of MRI make plain radiography more attractive for the purpose of 
classification, although MRI seems more sensitive for detecting 
early disease.

Symmetric polyarthritis FIGURE 3.4. Although comprising only 15% of the original cohort 
described by Moll and Wright, an increasing proportion of patients 
are now described with symmetric polyarthritis. Clinically, the 
arthritis may resemble RA. The distinction between RA and PsA is 
sometimes difficult to make clinically, particularly in the face of 
psoriasis and a negative rheumatoid factor. It is helpful to look for 
other distinguishing features such as DIP involvement, enthesopa-
thy, dactylitis, and axial involvement. Conversely, the presence of 
rheumatoid nodules and systemic features of disease would favor 
RA. Other serologic tests may help: anti-cyclic citrullinated peptide 
antibodies are highly specific for RA.
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Distinctive mutilation in PsA

b)a)

FIGURE 3.6. Although a mutilating form of arthritis can be seen in 
RA, a distinctive form of mutilation is seen very occasionally in 
PsA (a,b). This severe mutilating arthritis is characterized by wide-
spread digital deformity and the presence of flail digits with redun-
dant folds of skin. Radiographically extensive phalangeal osteolysis 

Dactylitis in the hand and foot

b)a)

FIGURE 3.7. Dactylitis is one of the hallmark clinical features of PsA 
occurring in 16–48% of reported cases [2,5]. (a,b) Dactylitis is 
characterized by uniform swelling of the digit. According to some 
authors, dactylitis is predominantly due to swelling and inflam-
mation in the flexor tendon sheaths [13], although other groups 
have recorded joint synovitis as well as tenosynovitis [14]. Chronic, 
non-tender, diffuse dactylitic swelling occurs in PsA and may be 

is seen, sometimes coexisting with joint ankylosis in the same 
digits. As the condition is seldom seen, it has been impossible to 
predict who will develop such deformities at disease onset, unless, 
of course, such changes are present at presentation.

less of an indicator of active disease than tenderness within the 
swollen digit. Rarely, unilateral limb edema is seen in PsA and, 
although there are clinical similarities with the limb edema 
seen in RA (where an abnormality of lymphatic vessels has been 
described), this may be an extreme example of ‘limb dactylitis’ 
(see Figure 3.12).
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Entheseal sites in PsA

b)a)

SAPHO syndrome – palmoplantar

pustulosis

FIGURE 3.9. Palmoplantar pustulosis and other pustular conditions, such 
as acne conglobata, acne fulminans, and hidradenitis suppurativa, are 
associated with a distinct collection of osteoarticular associations, includ-
ing sternoclavicular hyperostosis, chronic sterile recurrent multifocal 
osteomyelitis, hyperostosis of the spine, and, occasionally, a peripheral 
arthritis. These associated clinical features have been grouped together as 
the synovitis, acne, pustulosis, hyperostosis, and osteomyelitis (SAPHO) 
syndrome. The condition seems to be common in Japan [17] but it has 
been described worldwide, with French authors foremost [18].

FIGURE 3.8. McGonagle et al. [15] rekindled interest in the enthe-
sis as the major site of pathology underlying PsA. There are literally 
hundreds of entheseal sites (sites of attachment of ligament and 
tendon to bone). The most common sites involved in PsA are the 
calcaneum (both at the attachment of the Achilles tendon [a,b] 

and at the attachment of the plantar fascia), at muscular and 
tendon attachments around the pelvis, the inferior aspect of the 
patella, and the elbow. Tenderness at these specific sites is suffi-

cient to diagnose involvement, and sometimes swelling is obvious 
at the tendinous or ligamentous insertion. Spondylitis may in fact 
be regarded as an example of multiple sites of enthesitis with 
syndesmophytes representing bony ‘spurs’. The specificity of 
enthesitis in PsA remains to be determined as an ultrasonographic 
study of calcaneal enthesitis demonstrated bony erosion at the 
enthesis more often in RA than in PsA [16].
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SAPHO syndrome – abnormal radioisotope
uptake in psoriasis vulgaris

FIGURE 3.10. Further studies have shown abnormal uptake of 
radioisotope in the manubriosternal and sternoclavicular joints 
in association with psoriasis vulgaris in patients already given a 
diagnosis of PsA. This suggests that SAPHO syndrome should be 
included within the spectrum of PsA [2].

Eye disease in PsA

FIGURE 3.11. Eye disease is commonly seen in PsA. In an unselected 
series of 112 patients ocular inflammation was reported in almost 
one-third, although most of these cases had conjunctival inflam-
mation [19]. Uveitis was found in 7%. Other series have suggested 
a higher prevalence of uveitis (18%), but it is generally agreed that 
uveitis is less common in PsA than in ankylosing spondylitis, pos-
sibly reflecting the lower frequency of axial involvement in PsA. 
Two forms of uveitis are recognized: acute anterior uveitis, similar 
to that found in ankylosing spondylitis, and an uveitis of more 
insidious onset, which is frequently a bilateral, chronic anterior and 
posterior disease associated with human leukocyte antigen (HLA)-
DR13 rather than HLA-B27 [20].

Pitting edema in PsA

FIGURE 3.12. Pitting edema of one or both upper limbs has been 
described in association with PsA. Since so few cases have been 
described, it is difficult to make firm associations. Mulherin et al. 
[21] described four cases and concluded that the edema was unre-
lated to the extent or severity of the arthritis. Lymphoscintigraphy 
showed delayed clearance of the isotope, similar to that seen with 
limb edema in RA. The edema is usually refractory to treatment but 
may respond to disease-modifying anti-rheumatic therapy. Sup-
portive measures such as compression hosiery are recommended.

Relationship between joint symmetry and
number of joints in PsA
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FIGURE 3.13. This graph shows the relationship between joint 
symmetry (defined as more than 50% of joints occurring as 
matched pairs) and the number of joints involved. The data were 
obtained from 77 patients with PsA (29 women and 48 men). Their 
mean age was 53 years and the mean duration of disease was 14 
years. The probability of having symmetric disease is given on the 
vertical axis: the greater the number of joints involved, the more 
likely symmetric disease is present. When more than 12 joints are 
involved, symmetry is obligatory. PsA is usually described as being 
less symmetric than RA. However, as indicated above, this is purely 
a reflection of the number of joints involved clinically. The fact that 
early and late PsA have fewer joints involved than RA accounts for 
the asymmetry described in this disease.
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Juvenile PsA

FIGURE 3.14. Juvenile PsA is uncommon. Unlike adult PsA, arthri-
tis often precedes psoriasis (52% of cases). The commonest clinical 
findings in children are an asymmetric polyarthritis often involving 
the digits. Patients may also present with a single swollen joint 
(such as a knee) and with spondylitis. Both dactylitis and eye 
involvement may occur, the latter in association with a positive 
antinuclear factor, as may be seen in other cases of juvenile idio-

HIV and PsA

Compatible clinical profile

• Severe widespread psoriaform lesions with onychopathy occurring

de novo in an adult at risk of HIV disease 

• Male predominance

• Severe enthesitis, usually calcaneal

• Aggressive large joint lower limb oligoarthritis

Laboratory investigations

• Rheumatoid factor and antinuclear factor usually negative

• Reduced CD4 T-lymphocyte count

• Widespread entheseal inflammation on MRI scan

FIGURE 3.15. In the 1980s, reports suggested a link between pso-
riasis and HIV infection, of interest being the extensive skin disease 
associated with AIDS, including widespread confluent patches and 
severe onychodystrophy. Subsequently, the association between 
HIV, AIDS, severe psoriasis, and the spondyloarthropathies (SpAs) 
has been confirmed in African countries where SpA was virtually 
unknown prior to the outbreak of HIV/AIDS [23]. The association 
has provided some insights into the pathogenesis of the disease 
and has emphasized the importance of the CD8 lymphocyte in 
both the skin and the joint disorder [24]. Distinctive features of the 
arthropathy associated with HIV include severe enthesitis (particu-
larly about the heel), dactylitis, and rapidly progressive, lower limb 
joint destruction. Axial involvement is seen less frequently. Under 
these circumstances, it may be difficult to distinguish cases of PsA 
from reactive arthritis, or even septic arthritis, as many of these 
patients are immunocompromised and may have unusual infections.

Clinical syndromes that suggest PsA

• Monoarthritis, usually of knee joint, often with huge effusion but

little disability or pain

• Oligoarthritis of scattered PIP and DIP joints of hands and feet

• Pain and swelling of first interphalangeal joint of great toe with 

enthesitis of heel and a dactylitic toe

• Polyarthritis of large and small joints including DIP joints

FIGURE 3.16. PsA may present in one of several ways. The key 
features of the classical presentation are summarized in this figure. 
The main difficulty is differentiation from other common forms of 
arthritis at presentation. PIP, proximal interphalangeal.

pathic arthritis (JIA). Classification criteria for juvenile arthritis 
continue to evolve [22]. The Durban criteria require the presence 
of arthritis and psoriasis or arthritis and at least two of dactylitis, 
nail abnormalities consistent with psoriasis, and a family history of 
psoriasis. The first two criteria are likely to be sensitive but not 
specific for juvenile PsA. The second three criteria recognize that 
arthritis may occur in the absence of psoriasis in this group.
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General diagnostic principles for PsA

Compatible clinical profile

• No gender preference (males:females)

• Age of onset 20–40 years

• Racial preference

• Usual clinical evidence of psoriasis (but arthritis precedes psoriasis
in 15–20% cases)

disease

• Frequently oligoarticular at disease onset

Laboratory investigations

• Rheumatoid factor and antinuclear factor usually negative

• CRP may be normal and less helpful in monitoring activity of 

• HLA analysis not usually helpful in diagnosis

FIGURE 3.17. Overall, the sex ratio in PsA approximates unity but 
will vary across the subgroups so that male predominance occurs 
in the spondylitis predominant form, while females predominate 
in the most frequent subgroup – symmetrical polyarthritis. Racial 
differences in the prevalence of psoriasis are reflected in the prev-
alence of PsA, although precise epidemiology of PsA across ethnic 
groups is lacking, partly because of a lack of agreed classification 
criteria. The peak age of onset of PsA is similar to that found in RA 
(20–40 years). This is, in most cases, later than the onset of psoria-
sis, which appears for the most part between 5 and 15 years of age. 
This is reflected by the figures for onset of arthritis and psoriasis; 
psoriasis precedes arthritis in the majority of cases. However, a 
potential source of diagnostic confusion occurs when arthritis pre-
cedes psoriasis as it does in 15–20% of cases.

In a minority of cases PsA may also be first diagnosed at the 
extremes of life. The most recent criteria for classifying JIA include 
a specific subgroup for PsA yet use psoriasis as an exclusion for the 
group labeled ‘enthesitis-related arthritis’ (see Figure 3.14). Addi-
tionally, there has been some interest in elderly onset PsA, which 
appears to differ only slightly from classical PsA, the most notable 
difference being the lower prevalence of spinal disease in this 
cohort. There are no biological markers for this condition. A nega-
tive test for rheumatoid factor is reassuring but not mandatory. A 
positive test for antibodies to citrullinated proteins makes the 
diagnosis of PsA less likely. Conventional radiology at onset is 
seldom useful but other modalities such as MRI may have a place, 
although the sensitivity and specificity of, for example, MRI evi-
dence of enthesitis is unknown. Occasionally there may be evi-
dence of bilateral sacroiliitis at onset of peripheral joint disease. 
CRP, C-reactive protein.

Flexural psoriasis

FIGURE 3.18. A 37-year-old fit and active male presented with a 
history of recurrent massive swelling of both knees over a period 
of 11 years. He had had repeated drainage and injection of corti-
costeroids but had been able to continue running between epi-
sodes. Rheumatoid factor was negative. Examination revealed 
grossly swollen knees and a patch of flexural psoriasis in his natal 
cleft. Radiology revealed unilateral sacroiliitis. He responded well 
to radiosynovectomy with yttrium-90.
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Left and right hand of a 67-year-old male at first presentation

b)a)

FIGURE 3.19. At this time he had been visiting his primary care 
physician for 9 years with ‘rheumatoid arthritis’. He had pain and 
stiffness in his left shoulder, left hand, and knees. He said that he 
had had psoriasis for 26 years. Examination revealed osteoarthritis 
of his knees. He had synovitis of the second and third left metacar-

pophalangeal joints, left wrist, and dactylitis of his left index finger 
(a) with deformity of his right index (b) and left middle DIP joints. 
Radiographs showed osteolysis of the left second toe terminal 
phalanx and normal sacroiliac joints.

Inflammatory articular disease (joint, spine, or entheseal)

With 3 or more points from the following:

1. Evidence of psoriasis (a)  Current psoriasis* Psoriatic skin or scalp disease present today as
  (one of a, b, c)  judged by a rheumatologist or dermatologist

 (b) Personal history of psoriasis  A history of psoriasis that may be obtained from patient, 
  family doctor, dermatologist, rheumatologist or other 
  qualified health-care provider

 (c) Family history of psoriasis  A history of psoriasis in a first or second degree relative according to 
patient report

2. Psoriatic nail dystrophy   Typical psoriatic nail dystrophy including onycholysis, pitting and 
hyperkeratosis observed on current physical examination

3. A negative test for rheumatoid factor  By any method except latex but preferably by ELISA or nephelometry, 
according to the local laboratory reference range

4. Dactylitis (one of a, b) (a) Current Swelling of an entire digit 

 (b) History  A history of dactylitis recorded by a rheumatologist

5. Radiological evidence of juxta-articular new bone formation  Ill-defined ossification near joint margins (but excluding osteophyte 
formation) on plain xrays of hand or foot

Specificity 0.987, sensitivity 0.914

*Current psoriasis scores 2 whereas all other items score 1
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FIGURE 3.20. The CASPAR classification criteria for psoriatic arthri-
tis. The CASPAR study group was established to derive new data 
driven classification criteria for psoriatic arthritis. Data were col-
lected in 32 centres world wide by people with acknowledged 
expertise in this condition. Altogether over 100 clinical, radiologi-
cal and laboratory variables were collected. The new criteria were 
derived by logistic regression and CART analysis (as a cross check). 
The CASPAR criteria gratifyingly have both characteristic dermato-
logical, clinical and radiological features and have both high sen-
sitivity and very high specificity (31). For traditionalists it is 
important to note that the Moll and Wright criteria (arthritis, pso-
riasis and negative rheumatoid factor), used in most studies since 
1973, are contained nicely within this new set. It is also interesting 

to note that, with these criteria, it is now possible to be rheumatoid 
factor positive and still be classified as having psoriatic arthritis, 
providing other characteristic features are present. Recent work 
suggests that these classification criteria function equally well as 
diagnostic criteria and, additionally, that they are useful in diag-
nosing early disease (32, 33). It is also worth noting that 13% of 
the ‘controls’ had ankylosing spondylitis so the statistical analyses 
were influenced against selecting spinal features as characteristic 
of psoriatic arthritis. If the controls had only consisted of rheuma-
toid arthritis cases then it is possible that specific spinal features 
may have appeared in the final criteria set. A more complete dis-
cussion of the new criteria is given in Helliwell (34).

FIGURE 3.21. Dermatologists and other specialists wishing to ask 
specific questions to screen for PsA should use the adjacent list. 
The list is derived from a validated, self-administered tool used to 
screen patients with psoriasis for PsA [30]. A score of 4 was found 
to have a sensitivity of 60% and a specificity of 62%. However, just 
a combination of positive answers to questions 1 and 4a had a 
sensitivity of 30% and a specificity of 91% for axial and peripheral 
disease.

Screening questions for arthritis

Score if positiveQuestion

1. Have you ever thought you might have 

arthritis?

2. Have you ever had a swollen joint (or joints)?

3. Has a doctor ever told you that you have arthritis? 

4. Are your joints stiff when you wake up in

the morning?

4a. If yes, how long does the stiffness last?

5. Have you ever had back trouble ?

6. Has your back ever been stiff in the morning?  

6a. If yes, how long does the stiffness last?

7. Do your nails have holes or pits?

8. Do your fingernails come loose

from the nail bed?

9. Are your nails abnormally thick?

10. Does anyone in your family have arthritis? 

}

1

1

2

0

1 if

>60 mins

0

0

1 if

>60 mins

0

1 for any two

positive responses:

maximum score 2
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Diagnostic pointers to distinguish PsA from RA

Favors PsA

Asymmetric oligoarticular

Seronegative for rheumatoid factor and anti-CCP

Absence of rheumatoid nodules

Dactylitis

Enthesitis (heel, tibial apophysis)

Psoriasis (scalp, plaque, guttate, flexural, nails) or family history

of psoriasis

DIP joint involvement

Uveitis

Clinical signs of sacroiliitis and spondylitis

Plain radiograph: tuft osteolysis, DIP erosions, juxta-articular

new bone formation, relative preservation of bone density,

osteolysis, ankylosis of digital joints, entheseal new bone and

erosion at entheseal insertion

Axial radiography: sacroiliitis, spondylitis, paravertebral

ossification

Favors RA

Symmetric polyarticular

Seropositive for rheumatoid factor and anti-CCP

Rheumatoid nodules over bony prominences

Features of systemic disease (cardiopulmonary 

Episcleritis, scleritis

Plain radiograph: marginal erosions, peri-articular 

osteoporosis, sparing of DIP joints

Axial radiography: facet joint destruction, occasional 

discitis, osteoporotic wedge fractures

involvement, vasculitis)

FIGURE 3.22. Useful diagnostic pointers to distinguish PsA from 
RA. Seronegative symmetric polyarthritis with psoriasis may prove 
difficult to place from a taxonomic point of view. The above table 

may help in distinguishing PsA from RA in such cases. CCP, cyclic 
citrullinated peptide.
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Imaging
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Psoriatic arthritis (PsA) is classifi ed as one of the 
spondyloarthropathies (SpAs), sharing similar 
characteristics such as involvement of the spine, 
sacroiliac joints, and enthesis. In addition, PsA 
commonly leads to a number of characteristic 
abnormalities either adjacent to or within syno-
vial joints including periostitis, new bone forma-
tion, osteolysis, and distinctive changes such as 
the ‘pencil-in-cup’ deformity. The spectrum of 
arthritis associated with PsA can lead to disability 
that is equally severe to that seen in rheumatoid 
arthritis (RA). From a historic perspective these 
features were best seen on conventional radiogra-
phy, especially in well-established PsA, but are 
often absent in early disease. Nevertheless, these 
characteristics are useful in differentiating PsA 
from other forms of infl ammatory arthritis, such 
as RA, as these conditions may often present 
similarly in the clinical setting.

Like other infl ammatory arthropathies, there is 
increasing interest in the development of more 
targeted and effective therapy for PsA. With 
potent biologic therapies (particularly anti-tumor 
necrosis factor [TNF] therapy) being used more 
frequently [1], there is a need for more sensitive 
and reliable methods of evaluating PsA, not only 
as a means of diagnosis, but also in following up 
patients on therapy [2]. Although conventional 
radiography is still the investigation of choice in 
the diagnosis and classifi cation of PsA [3–5], mag-
netic resonance imaging (MRI) is assuming an 
increasingly important role in the evaluation of 
this disease. For example, sacroiliitis can be rec-
ognized by conventional radiography, computed 
tomography (CT), and MRI; however, radiogra-
phy is generally relatively insensitive in detecting 
changes, and CT is unable to detect early onset of 

sacroiliitis, which will limit its diagnostic utility in 
early disease [6]. Ultrasonography is unable to 
assess the sacroiliac joints adequately due to the 
inaccessibility of the joint. Only one study has 
shown the use of color and duplex Doppler sonog-
raphy in identifying active sacroiliitis and its use 
in monitoring therapy [7]. On the other hand, 
MRI can identify early stages of sacroiliitis [8] and 
may aid in the early diagnosis of PsA, but valida-
tion studies are ongoing. Another hallmark of the 
SpA, and therefore PsA, is enthesitis, which is 
infl ammation of the attachment of ligaments, 
capsule, or tendons to bones. Enthesitis is a feature 
that is useful in the diagnosis of PsA, and can be 
detected at an early stage on MRI and ultrasonog-
raphy, but not on conventional radiography.

MRI also has an important role in increasing 
our understanding of the mechanisms of synovitis 
and bone damage in PsA. MRI has demonstrated 
a close relationship between enthesitis and adja-
cent osteitis, and the abnormality is greater in 
patients who are positive for human leukocyte 
antigen (HLA)-B27 [9]. Distal interphalangeal 
joint arthropathy is unique to PsA; MRI has dem-
onstrated its pathology as entheseal and capsular 
based [9].

The drawback of MRI is its cost and availability. 
While conventional radiography is relatively inex-
pensive and more readily available, it involves 
radiation, as does CT; MRI and ultrasonography 
do not involve any ionizing radiation.

This chapter highlights the role of imaging in 
PsA, mixing the old with the new by initially 
showing the characteristic radiographic features 
of PsA before showing some ultrasound and MRI 
features of the disease, with a brief mention on CT 
and bone scintigraphy in PsA.
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FIGURE 4.1. (a) Hand of a patient with chronic psoriatic arthritis 
(PsA), showing arthritis mutilans of the first to the fifth distal pha-
langes. The distal interphalangeal (DIP) joints are commonly 
affected in PsA with simultaneous involvement of the fingernail of 
the affected joint with dystrophy, pitting, or frank onycholysis 
[10,11]. This is in contrast to rheumatoid arthritis (RA) where diffuse 
osteoporosis, usually without osteolysis, is evident. This example 
shows severe osteolysis in the face of good preservation of bone 
mineral density elsewhere. DIP joint involvement and arthritis 

Plain radiographs of patients with arthritis mutilans

b)a)

Plain radiograph of ‘whittling’ in PsA

a) b)

FIGURE 4.2. (a) Plain radiograph of the hands of a patient with 
PsA, showing classic ‘pencil-in-cup’ deformity in the DIP joints of 
the right index and middle fingers and the interphalangeal joints 
of the thumbs, with radial subluxation of the distal phalange of the 
right thumb. The deformity is a result of expansion of the base of 
the distal phalange or acrolysis or ‘whittling’ of the head of the 

mutilans form two of the five subtypes of PsA as classified by Moll 
and Wright [12]. Arthritis mutilans of the hand is usually synony-
mous with DIP disease, but not all patients with DIP involvement 
have mutilating arthritis. The other three subtypes include polyar-
thritis, asymmetric oligoarthritis, and spondylitic PsA. (b) Another 
case of arthritis mutilans, in this case on a plain radiograph of the 
foot of a different patient, most clearly demonstrated as osteolysis 
of the second digit. Bone damage is also evident here, with four 
erosions on the first metatarsophalangeal (MTP) joint (arrows).

phalange. Whittling is derived from the verb ‘to whittle’, which 
means to pare something down or taper it to a point. (b) Plain 
radiograph of a thumb showing ‘whittling’ of the head of the 
proximal phalange. In more advanced cases, an ‘opera glass’ digit 
develops, with telescoping of the skin over the resorbed joint.
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Plain radiograph of characteristic changes

in finger in chronic PsA – classic periostitis

FIGURE 4.3. Classic periostitis with periosteal new bone formation 
as a result of osteoblastic activity (arrow heads) is evident on the 
proximal phalange; an erosion is also seen on the head of the 
proximal phalange (arrow). There is osteolysis of the distal 
phalange. Periosteal new bone formation tends to be close to 
and parallel to the cortex of phalanges, metacarpals, and metatar-
sal [13]. When there is new bone formation as well as increased 
bone mineralization of the phalange, it is known as an ‘ivory pha-
lange’ [14]. This patient was able to demonstrate telescoping of 
the DIP joint, and the overlapping skin of the DIP joint is just visible 
on the radiograph.

Inflammatory polyarthritis in chronic PsA

a) b)

FIGURE 4.4. Many patients with psoriasis and arthritis have an 
inflammatory polyarthritis with small joint involvement but 
without joint osteolysis. (a) Subluxation of the second and third 
DIP joints is evident in this patient with chronic PsA who also had 
pitting of his nails. (b) Plain radiography shows the markedly 
abnormal second and third DIP joints with subluxation of both 

joints toward the ulnar side, loss of joint space, subchondral bone 
sclerosis, and formation of enthesophytes on the ulnar side repre-
senting an enthesitis related pathology at that site. DIP joint 
involvement affects 5–10% of patients with PsA; radiographically, 
PsA can resemble the changes of an osteoarthritic joint.



Multiple peri-articular bone erosions in PsA patient

receiving combination therapy

FIGURE 4.5. Plain radiograph of the hands of a patient with PsA 
who was being treated with a combination of methotrexate and 
sulphasalazine, the most commonly used disease-modifying 
agents in the management of PsA. Periarticular bone erosions are 
evident at multiple sites (arrows), including the second metacar-
pophalangeal (MCP) head on the right hand and the base of both 
thumbs. However, unlike RA and osteoarthritis where similar pat-

PsA with rheumatoid-like features –

ulnar deviation of the MCP joints   

FIGURE 4.6. There is ulnar deviation of the MCP joints (best 
depicted on the radiograph), with rheumatoid-like erosions on the 
second, third and fifth MCP heads (arrows). Also evident were bone 
sclerosis, absence of periarticular osteopenia, and fluffy new bone 

terns of erosions are evident at the MCP joint or the base of the 
thumb, respectively, a number of other characteristic PsA-related 
changes are evident, including the asymmetric pattern of the MCP 
joint erosion and entheseal new bone formation about the second 
proximal interphalangeal (PIP) joint of the right hand (arrow 
heads). There is also loss of joint space and periostitis of the third 
PIP joint on the right hand.

formation about the eroded carpal bones in the wrist. There are 
similar changes in the distal radioulnar joint with additional new 
bone formation at that site.
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PsA with rheumatoid-like features – fibular deviation of the toes

FIGURE 4.7. Feet of the same patient shown in Figure 4.6 demon-
strating fibular deviation of the toes. Although the pattern of 
polyarticular disease is reminiscent of RA, the radiograph is 
characteristic of PsA with joint fusion or ankylosis at several sites, 
lack of osteopenia and a characteristic ‘pencil-in-cup’-type defor-
mity at the fifth MTP joint on the left (arrow), with proximal joint 
osteolysis and distal joint new bone formation at the capsule. The 
entheseal bone formation at the distal capsule forms the cup in the 

Monoarthritis of the right wrist in patient with PsA

a) b)

FIGURE 4.8. (a) The right wrist of this 38-year-old female is clini-
cally swollen. (b) Plain radiograph of the right wrist of the patient. 
There is loss of joint space among the carpal bones as well as 
between the radius and ulna and the carpal bones. Bone mineral-
ization is relatively well preserved unlike in RA, where there is often 
periarticular osteoporosis. Involvement of the wrist and hand is 
seen in 75% of patients with PsA [15]; although the wrist is less 

‘pencil-in-cup’ deformity of the fifth MTP joint on the left foot. This 
case illustrates how a disease pattern that appears to be primarily 
synovial-based on clinical findings can in fact be associated with 
enthesitis and bone-based pathology on radiographic findings. 
Some patients classified as PsA polyarthritis have juxta-articular 
osteoporosis and erosions only and no evidence of an enthesitis/
osteitis-related pathology. Concerns about diagnosing such 
patients with PsA have been raised.

frequently affected than the hands, it can often present as a mono-
arthritis or as part of an oligoarthritis in PsA. Monoarthritis or oli-
goarthritis are the most common presenting patterns in PsA [16], 
and form one of the patterns of involvement in PsA described by 
Moll and Wright, where asymmetric distribution of joint involve-
ment is characteristic [12,17].
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Syndesmophytes in PsA

a) b)

FIGURE 4.9. One of the main pathologies affecting the spine in PsA 
is the development of syndesmophytes. These paravertebral ossi-
fications tend to be non- marginal or chunky syndesmophytes. 
Unlike the marginal syndesmophytes found in ankylosing spondy-
litis, the chunky syndesmophytes in PsA tend to be sparse and 
asymmetrically distributed. (a) Coronal view of plain radiograph of 
the lumbar spine of a patient with chronic PsA showing chunky 

Enthesophytes in PsA

b)a)

FIGURE 4.10. (a) Plain radiograph of the right elbow of a patient 
with PsA showing an enthesophyte at the triceps insertion. (b) 

Plain radiograph of the calcaneum of a different patient with 
PsA showing an enthesophyte (arrow) where the plantar fascia 
attaches, more commonly known as a calcaneal spur. An enthesis 
is where tendons, ligaments, or joint capsules attach to bones. The 

syndesmophytes (arrows). (b) Plain radiograph showing lateral 
view of the cervical spine of a different patient with PsA with 
syndesmophytes (arrow). The cervical spine is frequently involved 
in PsA [18]. The most common radiographic changes in the cervical 
spine are apophyseal joint ankylosis and anterior atlantoaxial joint 
subluxation [19].

inflammation of an enthesis or enthesitis is an important concept 
in PsA, commonly leading toward the formation of new bone at 
the enthesis, or enthesophytes [9]. Understanding the pathogen-
esis of enthesitis has important implications in the diagnosis and 
treatment of PsA [20].



Ultrasonographs showing capsular edema in PsA

c)b)a)

FIGURE 4.11. (a) Longitudinal view of the third PIP joint of a patient 
with early PsA showing capsular edema or synovitis (asterisks). 
(b) Transverse view of the same joint showing capsular edema (aster-
isks). (c) Ultrasonograph of a different patient who was diagnosed 
with PsA 6 months earlier. There is entheseal calcification at the fourth 
PIP joint (arrow). There was also edema within the capsule (asterisks). 

Ultrasonography of patellar tendon enthesitis in PsA

b)a)

FIGURE 4.12. (a) Ultrasonograph of the right knee of a patient with 
PsA showing hypoechoic thickening of the insertion and loss of defi-
nition of the edge of the patellar tendon (PT). (b) The contralateral 
uninvolved PT insertion is shown for comparison. As already men-
tioned, enthesitis is a hallmark of PsA, and forms part of the diagnos-

Ultrasonographs of plantar fasciitis and patellar tendonitis

c)b)a)

FIGURE 4.13. This patient with PsA was symptomatic in both feet 
and the left knee. (a,b) Right plantar fascia (PF) (left panel) and 
left PF of the patient demonstrating plantar fasciitis (center panel). 
There was loss of the fibrillar pattern of the PF bilaterally, and a 
markedly thickened PF on the left (double-headed arrows). 
(c) Sagittal view of the left PT with a bursa near the insertion or 

Ultrasonography is suited to the study of small joints, such as the finger 
joints, as the structures within are relatively superficial. The advantage 
of ultrasonography over plain radiography is that it does not involve 
ionizing radiation and is capable of real-time scanning. It is relatively 
inexpensive and easily available, and is suited for the study of small 
peripheral joints and superficial structures. PP, proximal phalange.

tic criteria for SpA [21]. Enthesitis may be difficult to detect clinically, 
and ultrasonography has been shown to be better at detecting 
enthesitis in the lower limbs of patients with SpA [22]. The use of 
ultrasonography, including power Doppler, has been shown to be 
useful in both the diagnosis and assessment of activity in SpA [23].

enthesis (asterisk). Although inflammation can occur at any enthe-
sis in PsA, enthesitis tends to be more common in the lower 
limbs [24]. Ultrasonography is able to provide more information 
than clinical examination of enthesitis [25], and, therefore, can 
help with the diagnosis of PsA. There is a need for validation of 
ultrasonography in the diagnosis of PsA.
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Ultrasonography and MRI of plantar faciitis in PsA

b)a)

FIGURE 4.14. (a) Ultrasonograph from a 37-year-old female with 
PsA showing hypoechoic thickening of the PF (double-headed 
arrow), measuring 0.44  cm thick (each mark on the scale on the 
left represents 0.5  cm). (b) T2-weighted fat-suppressed magnetic 
resonance imaging (MRI) showing associated adjacent bone 
edema on the calcaneum depicted by high signal (arrow). Plantar 

MRI of the hands in PsA – capsular-based edema

a) b)

FIGURE 4.15. T1-weighted fat-suppressed post-contrast MRI of 
the hands in PsA showing capsular-based edema in (a) the third 
and fourth DIP joints and the fifth MCP joint, and (b) in the second 
MCP joint. There was marked soft tissue high signal particularly in 
the DIP joints, extending beyond the joint capsule typical of PsA; 

fasciitis is an enthesitis, and is common in PsA. Rarely, it can be the 
presenting feature of PsA [26]. Effective therapy of enthesitis by 
biologic blockade has been successfully demonstrated on power 
Doppler sonography, which measures the vascularity or inflamma-
tion within the enthesis [27].

high signal was also detected in the second MCP joint (b). MRI has 
been used to monitor response to therapy in PsA, and has deter-
mined the effectiveness of biologic agents in reducing inflamma-
tion in this disease [28].
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Use of MRI in early PsA

a) b) c)

FIGURE 4.16. (a) A patient with PsA who had an 8-month history 
of symptomatic DIP joint involvement in the little finger showing 
ankylosis of the joint. (b) Plain radiograph of the same joint 
showing subluxation and loss of joint space. (c) On T2-weighted 
fat-suppressed high-resolution MRI we can see bone edema 
depicted by a high signal, particularly near the joint and the enthe-
sis where the collateral ligaments insert. The advantages of MRI 

MRI of knee of HLA-B27-positive patient with PsA

b) c)a)

FIGURE 4.17. (a) T1-weighted sagittal image of the knee delineat-
ing the anatomy of the joint. (b) T2-weighted fat-suppressed sag-
ittal image of the knee showing sites of inflammation indicated by 
high signal. (c) Dynamic post-contrast MRI with gadolinium dieth-
ylenetriamine pentaacetic acid. The image was postprocessed with 
commercial software (Analyze®; Mayo Clinics, New York, USA) and 
software developed in-house [30]. The colors on the image signify 
areas of relative vascularity or inflammation, with yellow repre-
senting areas of greater inflammation and red indicating milder 
inflammation. Using this method of analysis, it has been found that 

over plain radiography in PsA include absence of ionizing radia-
tion, the ability to perform multiplanar imaging, the ability to 
detect inflammation, and better sensitivity in early disease [6]. In 
addition, high-resolution MRI using specialised MRI ‘microscopy 
coils’, ideal for examination of small joints like in the fingers, has 
allowed us to identify micro-anatomical differences between PsA 
and osteoarthritis of the DIP joint [29].

the area of synovitis in SpA, of which PsA is a part, is greater than 
that found in RA [31]. However, like RA, there is a significant vari-
ation in synovitis within the knee, with greater synovitis demon-
strated at the cartilage pannus junction compared to that at the 
more proximal suprapatellar pouch [31]. This image also shows 
enthesitis at the PT insertion depicted as edema adjacent to the 
attachment site and also within the bone (arrow). Enthesitis 
within or adjacent to synovial joints is a prominent feature of 
early PsA-related synovial joint disease and it may be clinically 
unrecognizable.



MRI of patient with SAPHO syndrome

a)

b)

FIGURE 4.18. A characteristic arthropathy associated with PsA is 
the SAPHO syndrome, which stands for synovitis, acne, pustulosis, 
hyperostosis, and osteitis. This arthropathy most typically involves 
the sternoclavicular joint (65–90% of SAPHO patients), but one or 
more sites can be affected [32]. While there has been much debate 
about the classification of SAPHO in relation to PsA, MRI shows a 
similar mechanism (especially prominent osteitis) to disease at 
other sites. (a) Axial and (b) coronal T1-weighted MRIs of the ster-
noclavicular joint in a patient with SAPHO syndrome who had pain 
and tenderness over the left sternoclavicular joint. On T1-weighted 
images the osteitis has a low signal (arrows). Following a course of 
intravenous pamidronate, the patient improved symptomatically.

Scintigraphy and MRI of patient with SAPHO syndrome

RF LF

a) b)

c)

FIGURE 4.19. A characteristic feature of PsA on scintigraphy is 
prominent tracer uptake within the bones [33]. Bone scintigraphy 
was once thought to be the most important imaging tool in PsA; 
although it is more sensitive than plain radiography, its limitation 
renders it too unspecific to aid diagnosis. (a) This bone scan shows 
high tracer uptake in the right midfoot of a patient with SAPHO 
syndrome, which is associated with PsA. Peripheral joint involve-

ment has been reported in up to 36% of SAPHO patients [34]. The 
MRIs show anatomic sites of inflammation with tendonitis, syno-
vitis, and cuboid and medial cuneiform bone edema. These appear 
dark (arrow) on the T1-weighted MRI (b) and appear as highlights 
(arrow) on the post-contrast MRI (c). This pattern of diffuse inflam-
mation is characteristic of SpA and PsA and is seen at other sites, 
including the sacroiliac joints. LF, left foot; RF, right foot.
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Imaging of sacroiliac joints of patient with HLA-B27-positive PsA

a) b) c)

FIGURE 4.20. (a) The plain radiograph shows an almost normal 
appearance of the sacroiliac joints. (b) T1-weighted MRI scan 
showing sacroiliitis on the left side, appearing dark. (c) T2-weighted 
fat-suppressed post-contrast MRI scan showing high signal over 
the left sacroiliac joint on both the sacral and iliac sides indicating 
marked bone marrow edema that is thought to be related to an 
osteitis. Sacroiliitis occurs in 10–25% of patients with PsA [35], but 
radiographic sacroiliitis has been reported in up to 78% of patients 

CT scan of pelvis of PsA patient showing sacroiliitis

with PsA [36]. Asymmetric sacroiliitis is more common in PsA than 
in ankylosing spondylitis, as in this case [18]. HLA-B27 positivity 
has been found to be associated with earlier onset and greater 
severity of sacroiliitis, as well as development of bilateral sacroiliitis 
[37–39]. The radiographic changes of sacroiliitis are often not 
detectable in early disease; however, MRI is able to show early 
signs of sacroiliitis indicated by bone marrow edema at the joint.

FIGURE 4.21. CT scan showing sacroiliitis, with erosions (arrows) 
and sclerosis, mainly on the iliac part of the joint and irregular joint 
space. CT is superior to plain radiography and bone scintigraphy in 
evaluating sacroiliitis, but should be used only as an adjunct to 
radiography in equivocal cases to confirm sacroiliitis [35]. Both CT 
and MRI are capable of detecting sacroiliitis in early disease, before 
radiographic changes are evident; however, MRI is able to identify 

inflammatory changes of the sacroiliac joint before any changes 
are visible on CT and, unlike CT, MRI does not involve any ionizing 
radiation [40]. In addition, the degree of enhancement on dynamic 
MRI has been found to be correlated with the cellularity of T-cells 
and macrophages in early and active SpA, confirming MRI as a 
reliable imaging modality in early disease [41].
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5
Skin and Psoriasis

Kristina P. Callis and Gerald G. Krueger

Psoriasis is a chronic, infl ammatory skin disease 
typically manifesting as well-demarcated plaques 
with varying degrees of erythema, scale, thick-
ness, and body surface area affected. It is consid-
ered a heritable, T-cell-mediated autoimmune 
disorder. Like many genetic disorders, there is a 
large range of phenotypic expression, and many 
environmental factors, such as infection, trauma, 
drugs, and stress, are believed to infl uence the 
onset, course, and severity of psoriasis. Psoriasis 
can be extremely detrimental to the individual 
with signifi cant psychosocial and medical impli-
cations. The disease is considered moderate to severe 
in about 30% of patients, and the most effective 
treatments are immunosuppressive agents and 
light therapy with risk of end-organ toxicity [1].

The prevalence of psoriasis is estimated to 
range between 1% and 3% of the general popula-
tion. It occurs more commonly in the Caucasian 
population compared with Blacks or Asians in 
whom it affects less than 1%. The average age of 
onset is in the late 20s [2]. The age of onset of 
psoriasis is bimodal, the fi rst peak prior to age 40 
(type I) and the second peak after age 40 (type II) 
[3]. Early onset is associated with positive family 
history, more severe disease, and human leuko-
cyte antigen (HLA)-Cw6 positivity [4].

Pathophysiology

Psoriasis is currently considered a T-cell-mediated 
autoimmune disease with a complex immunologic 
basis. The disease is characterized histologically by 
hyperproliferation of the epidermis, abnormal dif-

ferentiation of keratinocytes, and infl ammation 
(see Figure 5.2). The disease is most likely initiated 
by an endogenous or exogenous antigen that is 
presented by dendritic cells to lymphocytes in 
regional lymph nodes [5]. Activated CD4+ and 
CD8+ T-lymphocytes bearing cutaneous lympho-
cyte antigen (CLA) allows them to bind to endothe-
lial receptors, extravasate, and infi ltrate the dermis 
and epidermis [6]. Further interaction with antigen-
presenting dendritic cells results in infl ammation 
mediated by cytokine release, chemokines, adhe-
sion molecules, and growth factors. A Th1 cytokine 
profi le, including interleukin (IL)-2, interferon-γ, 
and tumor necrosis factor (TNF)-α, predominates 
[7]. Identifi cation of key cytokines and receptor 
interactions in the pathogenesis of psoriasis, such 
as the intercellular adhesion molecule (ICAM)-1/
leukocyte function-associated antigen (LFA)-1 
interaction, LFA-3/CD2 costimulatory response, 
production of TNF, IL-12 and IL-23, has led to the 
development of specifi c pharmacologic targets in 
the treatment of psoriasis [8,9].

The Psoriasis Phenotype

Psoriasis is defi ned as ‘A chronic skin disease that 
is classically characterized by thickened, red areas 
of skin covered with silvery scales’ [10]. The diag-
nosis of psoriasis is nearly always clinical, taking 
into account the morphology of the lesions, the 
distribution, and associated fi ndings such as 
nail disease, joint disease, precipitating events 
such as antecedent infections or new medications, 
and family history of psoriasis. Biopsies are 
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sometimes used to exclude conditions in the dif-
ferential diagnosis, including other papulosqua-
mous disorders such as parapsoriasis, cutaneous 
T-cell lymphoma, and eczema.

The morphology, distribution, and extent of 
body surface area involvement are quite varied 
from individual to individual, but certain patterns 
of disease do predominate. Plaque or discoid-type 
psoriasis is the most common and easily recog-
nized variant, occurring in more than 80% of 
cases. Plaques can range from thin, faintly red 
plaques with minimal fi ne scale to very thick, 
beefy red plaques that are covered with a thick, 
silvery tenacious scale. Other morphologic vari-
ants may co-exist with plaque-type disease, or 
manifest as the predominating form in an indi-
vidual patient, including fl exural or inverse, 
guttate, palmoplantar (pustular and non-pustular 
variants), generalized pustular, and erythroder-
mic. Guttate psoriasis occurs in about 10% of 
patients, with erythrodermic and pustular forms 
occurring in fewer than 3% [11,12].

The distribution and extent of psoriasis is also 
extremely varied and linked to the morphology of 

disease. Classic plaque-type psoriasis will affect the 
scalp, ears, extensor elbows and knees, umbilicus, 
and sacrum. The lesions of inverse or fl exural 
disease tend to be well-demarcated erythematous 
patches with little scale and a tendency to macer-
ate and become secondarily infected. Guttate 
plaques are small, usually bright red but less indu-
rated, and are widely scattered over the trunk and 
extremities. Erythrodermic psoriasis is manifested 
as widespread, red, scaling lesions with associated 
palmar/plantar involvement, that may be associ-
ated with fever, chills, hypotension, insensible 
fl uid losses, and hypoalbuminemia.

The majority of patients will have scalp involve-
ment. Typically, lesions will occur in the post-
auricular scalp or at the hairline. At times the face 
will become involved, and may overlap with the 
clinical features of seborrheic dermatitis, often 
designated sebopsoriasis.

Nail changes are also seen in the majority of 
patients, ranging from minor pitting to severely 
disfi guring and functionally disabling dystrophy. 
Nail fi ndings have been associated with distal 
interphalangeal psoriatic arthritis [13,14].

FIGURE 5.1. Psoriasis has long been recognized as having a strong 
genetic component, supported by high concordance rates amongst 
monozygotic twins, clustering in families, and patterns of recessive 
and dominant modes of transmission in large cohorts [15–17]. Pso-
riasis was first linked to the human leukocyte antigen (HLA) region in 
1972, and, subsequently, class I antigens HLA-B57, HLA-B13, HLA-Cw7, 
and, particularly, HLA-Cw6, were identified as conferring risk [18]. 
Since 1994, ten genome-wide scans have been performed identifying 
19 susceptibility loci on 15 different chromosomes; however, no single 
gene has yet been definitively implicated in causing psoriasis [19]. The 
predominant susceptibility locus, PSORS1, has been replicated in 
many studies and narrowed to a minimal consensus region near HLA-
C [20–22]. Candidate genes have been identified in the major histo-
compatibility complex (MHC) and non-MHC loci, but no studies have 
yet confirmed the functional significance of these findings.

The major psoriasis susceptibility locus on chromosome 6p21, 
PSORS1, has been replicated in several populations and is the most 
extensively studied [23–29]. Candidate genes in the immediate region 
have included HLA-C, corneodesmosin, HCR (helic α-helix coiled-coil 
rod homolog gene), SEEK1, SPR1, and OTF3, as well as the more prox-
imal TNF-α, TAP, and MICA genes. Study of PSORS2, on chromosome 
17q25, has implicated polymorphisms at a runt-related transcription 
factor 1 (RUNX1)-binding site and regulatory associated protein of 
mTOR (RAPTOR) [30,31]. The major psoriasis susceptibility locus on 
chromosome 4q34 is PSORS3, and on 1q21 is PSORS4 [32,33].

MHC and non-MHC psoriasis loci

Locus name

PSORS1

PSORS2

PSORS3

PSORS4

PSORS5

PSORS6

PSORS7

PSORS8

PSORS9

Chromosome

6p21.3

17q25

4q34

1q21

3q

19p13

1p

16q

4q31

Candidate genes/regions

HLA-C, corneodesmosin,

HCR, others [23–29]

RUNX1 [30]

RAPTOR [31]

[32]

S100 genes in epidermal

differentiation complex [33]

[26]

[27]

[28]

[23]

[29]
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Histopathology of psoriasisFIGURE 5.2. Histologically, psoriasis is characterized by hyperpro-
liferation of the epidermis with associated dilation of blood vessels 
in the papillary dermis and a perivascular lymphocytic infiltrate. 
Early lesions may have associated spongiosis or entirely normal 
epidermis. As lesions evolve, classic psoriasiform or ‘regular’ hyper-
plasia develops, with thinning of suprapapillary plates and mounds 
of parakeratosis with neutrophils seen migrating toward the 
parakeratotic peaks. Intracorneal collections of neutrophils 
(Munroe microabscesses) are seen, with collections of both neu-
trophils and lymphocytes in the spinous layer (spongiform pus-
tules of Kogoj) seen less frequently.

Examples of plaque-type psoriasis

b)a)

d)c)

FIGURE 5.3. Plaque psoriasis lesions tend to be well demarcated 
with varying degrees of erythema, scale, and induration. (a,b) 
Depict thin plaques with minimal fine scale and erythema. (c,d) 
Show more indurated plaques with coarser scale that covers more 

of the lesion. (e) Depicts a plaque with beefy red erythema and 
coarse scaling that is often seen in untreated cases. (f–h) Show 
coarse, tenacious “silvery” scaling which are elevated 1–2  mm 
above normal skin.
 (Continued)
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Examples of plaque-type psoriasis

f)

g) h)

e)

FIGURE 5.4. As psoriasis is treated, plaques may first clear centrally and take on an annular morphology (a,b) that can be mistaken for 
other dermatologic entities such as fungal infections or mycosis fungoides.

Examples of partially cleared psoriasis

b)a)

FIGURE 5.3. Continued
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Guttate psoriasis

b)

a)

FIGURE 5.5. Guttate lesions (a,b) tend to be small scaly papules 
with bright red erythema and scale. Guttate psoriasis often 
presents in young adults and children following triggers including 
streptococcal pharyngitis, viral infections, medications, major 
stressors, or abrupt withdrawal of treatments (particularly cortico-
steroids or cyclosporine). Guttate psoriasis tends to respond well 
to topical agents and phototherapy.

Psoriatic flare

FIGURE 5.6. Patients with known plaque-type psoriasis may expe-
rience a flare with small plaques and guttate lesions.

Distribution of psoriasis

a)

b)

c)

FIGURE 5.7. The distribution of plaques is often critical to making 
a diagnosis of psoriasis. The umbilicus (a) and scalp (b) are classi-
cally involved. Inverse psoriasis is defined as psoriasis in body folds 
(c), axillae, and groin. It is often mistaken for intertrigo and fungal 
infections. Inverse lesions tend to be well-demarcated patches 
with minimal scale that tend to macerate and become secondarily 
infected with bacteria and yeast.
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Palmoplantar psoriasis

a) b)

c) d)

e)

FIGURE 5.8. Psoriasis affecting the palms and soles, the palmo-
plantar variant, has two variants: pustular and non-pustular. Non-
pustular psoriasis (a–c) consists of typically well-demarcated 
hyperkeratotic plaques with scaling and fissuring, and can be dif-
ficult to differentiate from other disease such as hand eczema and 
contact dermatitis. Pustular palmoplantar disease is depicted in (d) 

and (e). Palmoplantar disease, unlike other psoriasis variants such 
as guttate psoriasis, is not associated with the PSORS1 susceptibil-
ity locus (HLA-C) [34]. Palmoplantar disease is difficult to treat with 
a topical regimen, and despite the limited body surface area 
involved, this disease can be very disabling and often requires 
systemic therapy, phototherapy, or photochemotherapy.
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FIGURE 5.9. Erythrodermic psoriasis is a severe form of psoriasis 
characterized by widespread erythema, scaling, occasionally pus-
tules (a,b), and often systemic illness including fever, hypotension, 
insensible fluid losses, and hypoalbuminemia. Erythrodermic pso-
riasis can be spontaneous but usually is associated with a trigger 
factor such as abrupt discontinuation of corticosteroids or other 

Pustular psoriasis

b)a)

Erythrodermic psoriasis

b)a)

FIGURE 5.10. Pustular psoriasis (a) can occur as the primary form 
of psoriasis in an individual patient or in patients with established 
plaque-type psoriasis. Pustules usually develop after the rapid 

treatments, medications known to flare psoriasis such as lithium 
or β-blockers, and infection. Erythrodermic flares often require in-
patient hospitalization in critical care units for management. It is 
important to differentiate from infection (sepsis) and other 
causes of erythroderma, such as Sézary syndrome, eczema, pytyri-
asis rubra pilaris, drug eruptions, and seborrheic dermatitis.

onset of erythema, rapidly, often with ‘lakes of pus’ forming at the 
edges of existing plaques (b). Acitretin (in patients not of child-
bearing potential) is usually the treatment of choice.
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Psoriatic nail disease

b)a)

d)c)

FIGURE 5.11. Psoriasis can involve both the fingernails and toe-
nails, with the morphology ranging from minor abnormalities to 
disabling nail dystrophy. Characteristics of nail psoriasis include: 
pits, which are approximately 1-mm indentations that vary in 
number from nail to nail, best seen in (a); ‘oil spots’, or yellow-
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6
Juvenile Psoriatic Arthritis

Helen Foster

Introduction

Musculoskeletal complaints in children are 
common, affecting 5–15% of children and adoles-
cents [1]. The differential diagnosis is broad; in 
most cases the cause is mechanical rather than 
infl ammatory in origin, often benign and self lim-
iting, and without long-term sequelae. However, 
it must be remembered that some severe and even 
potentially life-threatening diseases can present 
with musculoskeletal symptoms and, therefore, it 
is always vital to consider and exclude conditions 
such as infection (septic arthritis or osteomyeli-
tis), malignancy (leukemia, neuroblastoma, or 
bone tumor), severe trauma (including non-
accidental injury), and some age-specifi c condi-
tions that are unique to childhood (Perthes disease 
or slipped capital femoral epiphysis). Early and 
accurate diagnosis is important. A careful clinical 
history and examination, accompanied by knowl-
edge of the normal musculoskeletal system in 
children and adolescents, and judicious use of a 
few appropriate investigations often leads to an 
accurate diagnosis.

Clinical Features of Juvenile 

Psoriatic Arthritis

Dactylitis

Single small joint involvement of the hand is 
typical of juvenile psoriatic arthritis (JPsA). Swelling 
of toes or fi ngers is known as dactylitis or ‘sausage 
digit’ and can be a good indicator of JPsA.

Psoriasis

The typical skin rash of psoriasis in children is 
similar to that of adults in the majority of cases; 
however, in children, the arthritis often appears 
several years before the rash, thus making JPsA 
very diffi cult to diagnose early on. As in adults, 
both genetic and environmental factors play a 
role in the development of psoriatic arthritis, and 
it is important to note whether there is a family 
history of psoriasis (as well as other forms of 
spondyloarthropathies).

Uveitis

The association of chronic anterior uveitis in 
juvenile idiopathic arthritis (JIA) is well described 
[2,3] and affects approximately 15–20% of chil-
dren with JIA. The highest risk of uveitis in JIA is 
for girls in the preschool age group with oligoar-
ticular disease, and who are antinuclear antibody 
positive and within 2 years of disease onset. In 
about 10% of cases uveitis can predate the onset 
of the arthritis, and as the onset of uveitis is 
usually insidious and often asymptomatic, this 
results in the delay in presentation and diagnosis. 
Undetected and untreated, visual loss can occur 
due to keratopathy, cataract, and glaucoma. In the 
early stages, uveitis may be only diagnosed by a 
slit lamp examination and regular ophthalmo-
logic screening is recommended. Some children 
may report symptoms such as headache or change 
in vision, although the development of visual 
blurring suggests advanced uveitis and often a 
worse visual prognosis. In approximately two-
thirds of cases, the changes can be bilateral.
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The association of JPsA and uveitis is also well 
described and occurs in 15–20% of children with 
JPsA, often those who are antinuclear antibody pos-
itive. The uveitis in JPsA is similar to that of oligo-
articular JIA, but there is a suggestion that this may 
be more resistant to topical steroids [2] and, further-
more, that boys may have more severe disease.

Growth Disturbances

Infl ammatory joint disease can cause localized or 
generalized growth abnormalities [4]. Localized 
growth abnormalities cause increased or decreased 
bone growth depending on the site. The likely 
explanation is the differential effects of infl amma-
tory hyperemia and altered weight bearing on the 
growth plates near the affected joints. Rapid 
growth occurs initially during active phases of the 
disease process, leading to a longer bone. It may 
subsequently lead to premature fusion of the 
epiphyses and, ultimately, relative shortening of 
the bone. Localized growth abnormalities are 
more common in late-presenting untreated dis-
ease, and are not uncommon in JPsA where the 
joint involvement is asymmetrical. Leg-length 
discrepancy occurring when knee arthritis of one 
leg causes more rapid leg growth, is more com-
mon in the younger child, can lead to functional 
disability, and ultimately a secondary scoliosis. 
Arthritis involving the foot and ankle or hand 
and wrist may result in a smaller foot or hand, 
respectively. In addition, temporomandibular 
joint disease can result in micrognathia [5].

Other Systemic Manifestations of JPsA

Most children with JPsA are not systemically unwell, 
but those with polyarthritis may present with 
malaise, lethargy, and even weight loss, fever, and 
poor growth. The acute-phase reactants are usually 
normal or mildly elevated. An uncommon but 
important syndrome to consider in the spectrum of 
JPsA presentation is that of chronic recurrent mul-
tifocal osteomyelitis (CRMO) [6], which is sug-
gested to be the childhood equivalent of synovitis, 
acne, pustulosis, hyperostosis, and osteitis (SAPHO).

Imaging

The radiographic changes of JPsA are similar to 
that of JIA and may well be normal in early disease. 

The changes within cartilage can take many 
months to appear and, consequently, radiographs 
are not routinely used to monitor disease activity 
or severity. Musculoskeletal ultrasound (MSUS) is 
increasingly used for imaging joints and periar-
ticular changes.

Treatment

The management of JPsA is the same as that of 
JIA, with multidisciplinary care involving doctors, 
physiotherapists, occupational therapists, and 
nurses, in addition to close liaison with primary 
care and community healthcare services, as well 
as school and social services. The medical man-
agement focuses on earlier and more aggressive 
intervention based on evidence that joint damage 
occurs early and the poor long-term outcome for 
many patients. There is a paucity of evidence from 
clinical trials of immunosuppressive medication 
in JPsA, and the majority of pediatric rheuma-
tologists, therefore, manage JPsA similar to the 
approach used in JIA. Most children are treated 
with non-steroidal anti-infl ammatory drugs 
(NSAIDs) and intra-articular corticosteroids, and 
there is increasing use of methotrexate (MTX) and 
other forms of immunosuppressive regimes for 
polyarticular disease.

Outcome and Prognosis

There are few studies documenting the outcome 
of JPsA. However, it is generally regarded that, as 
a whole, these patients have a worse prognosis 
than most children with JIA. Polyarticular JPsA 
has a worse prognosis than oligoarticular JPsA. 
Follow-up studies suggest that two-thirds of 
patients have some functional limitation [7] 
and 10% have severe incapacity [8]. Long-term 
outcome studies demonstrate that quality of life 
for young adults with JIA is worse compared to 
their healthy peers, but there are no comparative 
studies of JPsA. These outcome studies refl ect 
management trends from over a decade ago, 
which differ signifi cantly from current approaches 
– the long-term impact of MTX and biologic ther-
apies has yet to be determined.
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FIGURE 6.1. When juvenile psoriatic arthritis (JPsA) is suspected, it is always vital to consider and exclude other conditions, especially 
life-threatening disorders that can also present with musculoskeletal symptoms.

Differential diagnosis of musculoskeletal

disorders in children

Life-threatening conditions

•    Malignancy (leukemia, lymphoma, bone tumor)

•    Sepsis (septic arthritis, osteomyelitis)

•    Non-accidental injury

Joint pain with no swelling

•    Hypermobility syndromes

•    Idiopathic pain syndromes (reflex sympathetic dystrophy, fibromyalgia)

•    Orthopedic syndromes (eg, slipped capital femoral epiphysis,

Osgood–Schlatter disease)

•    Metabolic (eg, hypothyroidism)

Joint pain with swelling

•    Juvenile idiopathic arthritis 

•    Trauma

•    Infection

– septic arthritis and osteomyelitis (viral, bacterial [including Lyme 

disease], mycobacterial)

– reactive arthritis (post-enteric, sexually acquired)

– infection related (rheumatic fever, vaccination related)

•    Inflammatory bowel disease

•    Connective tissue disease (systemic lupus erythematosus, scleroderma, 

dermatomyositis)

•    Sarcoidosis

•    Metabolic (eg, osteomalacia, cystic fibrosis)

•    Hematological (hemophilia, hemoglobinopathy)

•    Tumor (benign/malignant)

•    Developmental/congenital (eg, spondylo-epiphyseal dysplasia)

Definition of JIA

Persistent arthritis >6 weeks

Age at onset under 16 years

Diagnosis of exclusion

FIGURE 6.2. The definition of arthritis is ‘swelling within a joint or 
limitation in the range of movement of a joint or tenderness of a 
joint with limited range of movement’. The latter allows for the 
fact that swelling at some joints, such as the hip, temporoman-

dibular joint, or subtalar joint, can be difficult to elicit clinically. 
These physical signs must be verified by a clinician and be present 
for a minimum of 6 weeks. Juvenile idiopathic arthritis (JIA) is a 
diagnosis of exclusion.
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Comparison between the classification systems for JIA, JCA, and JRA

Characteristic

Age at onset (years)

Minimum duration of

arthritis 

Subtypes

Systemic

Oligoarthritis

Persistent 

Extended

Polyarthritis

RF–

RF+

Enthesitis-related arthritis*

Psoriatic arthritis

Other 

JIA 

<16

6 weeks 

Arthritis, fever, rash

1–4 joints affected during first 6–12 months

Affects no more than 4 joints throughout course

Affects >4 joints after first 6–12 months

Affects ≥5 joints first 6–12 months 

Affects ≥5 joints first 6–12 months  

Arthritis and enthesitis, or arthritis with at least two of

following: sacroiliac tenderness, inflammatory back pain,

HLA-B27+, family history of HLA-B27+-related disease

Arthritis and psoriasis, or arthritis with at least two of the

following: dactylitis, nail changes, family history of

psoriasis

Arthritis of unknown cause or not fulfilling above

categories 

JRA 

<16

6 weeks 

Systemic

Pauciarticular JRA

Polyarticular JRA

Polyarticular JRA

Excluded

JCA 

<16

3 months

Systemic

Pauciarticular JCA

Polyarticular JCA

JRA 

Juvenile

spondyloarthropathies

Excluded

FIGURE 6.3. The International League Against Rheumatism (ILAR) 
classification of JIA [9] is a consensus-derived classification system 
that replaces the former terms juvenile chronic arthritis (JCA) and 
juvenile rheumatoid arthritis (JRA), and is largely based on clinical 
features. This figure compares and contrasts the classification 

JIA and subtypes

Systemic

Polyarticular – RF–

Polyarticular – RF+

Oligoarticular

Extended oligoarthritis

Enthesitis-related/spondyloarthropathy

Psoriatic

Other 

FIGURE 6.4. The term ‘juvenile idiopathic arthritis’, proposed by 
the ILAR classification [9], encompasses a heterogeneous group of 
conditions, reflected in the subtypes, which are essentially clini-
cally, genetically, and serologically distinct from adult rheumatoid 
arthritis (RA). JPsA is one of these subtypes.

systems for JIA, JRA, and JCA. *Enthesitis is inflammation of the 
insertion of ligament, tendon, capsule, or fascia to bone, particu-
larly around the foot and knee. RF, rheumatoid factor; HLA, human 
leukocyte antigen.
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JPsA

ILAR criteria 

Arthritis and psoriasis 

OR

Arthritis and at least two of the following:

•    dactylitis

•    nail pitting or onycholysis

•    family history of psoriasis in a first-degree relative

Vancouver criteria

Definite JPsA

•    arthritis with typical psoriatic rash

OR

•    arthritis with three of the following minor criteria:

– nail pitting/psoriasis (first/second degree relative)

– psoriasis-like rash

– dactylitis

Probable JPsA

•    arthritis with two/four minor criteria

Guttate psoriasis

FIGURE 6.6. The cause of JIA and JPsA is unknown. There are case 
reports of psoriasis (and, in particular, guttate psoriasis) occurring 
after infections, such as streptococcal infections [11,12], although 

FIGURE 6.5. Currently, two systems, which are not mutually exclu-
sive, are used to classify the term JPsA and propose diagnostic 
criteria. The table lists the ILAR criteria [9] and also the Vancouver 
criteria [10]. One important feature of both the ILAR and Vancou-
ver criteria is that a child can be diagnosed with JPsA without the 
classical rash of psoriasis; for example, a family history of psoriasis, 
or dactylitis in the absence of skin changes, will satisfy the defini-

tion of ‘probable JPsA’. The reason for this is that for many children 
the arthritis may precede the psoriasis, and children with probable 
JPsA have a high risk of developing ‘definite JPsA’ with time [7], 
with a worse prognosis in terms of joint damage and of developing 
severe uveitis. It is important, therefore, to recognize this group of 
children early on and consider immunosuppressive medication to 
minimize joint damage and optimize outcome.

no association with JPsA and common viral infections has been 
observed [13]. Figure reproduced from Atlas of Pediatrics [14].



Epidemiology of JIA

a) Median age of onset and subtype of JIA b) Relative incidence of JIA subtypes
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Number
of children

affected
(%)

0–10 10–16 Total 0–16
Age (years)

Oligoarticular Oligoarticular
Polyarticular RF–

Polyarticular RF–

Polyarticular RF+

Polyarticular RF+Enthesitis-related arthritis
Enthesitis-related arthritisPsoriaticSystemic

Systemic JPsA
Extended oligoarthritis

FIGURE 6.7. The incidence of chronic arthritis in childhood is 
approximately 1 in 10,000, with a prevalence of 1 in 1000 [3]. 
Oligoarticular JIA is the most common subtype at all ages, with a 
median age of onset of 4 years. JPsA accounts for 2–15% of chil-
dren with chronic arthritis, with more recent studies stating 
approximately 7% [15,16]. Population studies suggest that the 
incidence of JPsA is 2.3–3 per 100,000 per year [17]. It is estimated 
that psoriasis affects 0.5% of young people under 16 years of age, 
which is much lower than in adults (approximately 1–3%). The 
proportion of patients with psoriasis who also have arthritis is 
unknown but may well be less than the 20–40% that is reported 
in adults. One of the problems in establishing incidence and prev-
alence is that, in contrast to adults with PsA where the rash often 

Clinical features of JPsA

Year 

Patients (n)

Male / female ratio

Age at onset of joint disease (years) 

Age at onset of skin disease (years)

Disease sequence 

psoriasis first (%)

arthritis first (%)

simultaneous (%)

Oligoarticular onset (%)

Polyarticular onset (%)

DIP joints affected (%)

Sacroiliac changes (%)

Nail changes (%)

Uveitis (%)

Lambert 

[19]

1976

43

11:32

9.3

10.4

40

53

7

55

45

21

28

70

9

Calabro 

[20]

1977

12

5:7

NA

NA

67

33

0

42

58

50

17

92

0

Sills 

[21]

1980

24

7:17

10

11

33

58

9

58

42

62

29

83

13

Shore &

Ansell [8]

1980

60

35:25

11

8.8

42

43

15

73

27

42

47*

77

8

Wesolowska

[22] 

1995

21

13:8

NA

NA

33

62

5

86

14

10

100*

86

14

Southwood

[10]

1989

35

23:11

6.7

12.6

43

48

10

94

6

29

11

51

17

Total 

–

195

0.95:1

6.7–11.0

8.8–12.6

33–67

33–62

5–15

42–94

6–58

10–62

11–100

51–92

0–17

FIGURE 6.8. *Selected patients had pelvic radiographs. Summary of reported series adapted from Textbook of Paediatric Rheumatology [23].

precedes the arthritis by several years, in children the opposite is 
true (ie, the arthritis often precedes the rash). This may explain the 
reported earlier age of onset of probable JPsA (7 ± 4.5 years) com-
pared to definite JPsA (10 ± 4.9 years) [18]. There are few studies 
of ethnic association and JPsA, but one multicenter survey of 
patients with definite JPsA in the USA demonstrated a predomi-
nance of patients being White (>90%), with 5% being Hispanic 
and 2.5% being African-American [19]. The gender ratio is almost 
equal males to females, which is unusual for JIA as a whole, as it 
predominantly affects girls. The peak age of onset of JPsA is in 
middle-to-late childhood (approximately 10 years of age), although 
a lesser peak appears to be in the pre-school age group, and mostly 
in girls [10].
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a) JPsA patterns of joint disease at onset

70%Oligoarthritis (<5 joints)

Symmetrical polyarthritis (≥5 joints) 15%

5%Predominant DIP joints

Sacroiliitis with peripheral arthritis 5%

5%Arthritis mutilans

b) Joint involvement in JPsA
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Strenoclavicular

Temporomandibular

Shoulder 
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FIGURE 6.9. (a) Shows JPsA patterns of joint disease at onset. The 
most common rheumatologic presentation of JIA is oligoarticular 
disease and the knee is the most frequently affected joint at initial 
presentation. In JPsA, an oligoarticular onset is also most common 
(70% of cases) with other forms being less common [7]. Other 
forms of the disease, such as asymmetrical polyarthritis or distal 
interphalangeal (DIP) joint disease with nail changes, are observed 
as in adult-onset PsA, but are much less common in children. Sac-
roiliitis involvement is unusual in children with JPsA but often 
associates with HLA-B27 positivity; in some cases where enthesitis 
is also a feature, these children may be classified as the enthesitis-
related arthritis subtype of JIA. This clearly highlights one of the 
difficulties in the proposed ILAR classification. An oligoarticular 
onset of joint disease is most common in JPsA; in one study of 63 
children with JPsA, 73% of children have an oligoarticular onset, 
and even in those with a polyarticular onset, the median number 
of joints involved at onset was only 6 (range 5–10) [7]. However, 
there is a tendency for children with JPsA to have cumulative joint 
involvement (b), and many children who present with oligoarticu-
lar disease progress to polyarticular involvement and a more 
guarded prognosis [7,8,24]. MCP, metacarpophalangeal; MTP, 
metatarsophalangeal.

Oligoarticular-onset JPsA

a) b)

FIGURE 6.10. (a) Oligoarticular-onset JPsA affecting the right knee. (b) Oligoarticular-onset JPsA with involvement of the ankles. The 
swelling of the ankles may be more obvious from inspection of the child from behind.



Asymmetrical small joint involvement in JPsA

FIGURE 6.11. JPsA with asymmetrical joint involvement of the fingers. Note the inability to fully flex the left ring finger DIP joint in a 
child with JPsA.

Symmetrical DIP involvement in JPsA

FIGURE 6.12. Symmetrical DIP joint involvement in JPsA is often 
associated with nail changes (see Figure 6.27).

Polyarticular JPsA

FIGURE 6.13. Polyarticular JPsA involving MCP joints and proximal 
interphalangeal (PIP) joints in the hands, as well as both wrists.

Psoriasis skin rash

FIGURE 6.14. Asymmetrical small joint 
disease of the hands in association with 
psoriasis skin rash is typical of JPsA. Photo 
courtesy of Dr Mark Friswell, Newcastle 
Hospitals NHS Trust.



Destructive small joint disease in JPsA

FIGURE 6.15. Asymmetrical destructive small joint disease involv-
ing MCP, PIP and DIP joints in a young adult with JPsA. Note the 
scars of small joint surgery.

Oligoarticular-onset JIA or

oligoarticular JPsA?

Small joint involvement (hands/feet)

Wrist involvement

Dactylitis

Family history of psoriasis

FIGURE 6.16. The skin rash of psoriasis may not appear in JPsA 
until many years after the onset of arthritis [10]. It is often, there-
fore, difficult to distinguish between JIA and JPsA, particularly as 
an oligoarticular presentation is most common in both subtypes. 
However, the prognosis for JPsA is generally regarded as much 
worse than oligoarticular JIA, and making an accurate diagnosis is 
important in planning management and counseling the family.

This figure shows the key features that are suggestive of JPsA 
in the early stages of the disease course, especially when the child 
does not have psoriasis. Such indicative features include involve-
ment, especially asymmetrically, of small joint(s) of a digit in the 
hand or foot, wrist disease, dactylitis, and/or a family history of a 
relative with psoriasis or psoriatic arthritis [24]. A retrospective 
study compared the clinical features and patterns of joint involve-
ment of children with oligoarticular JIA and oligoarticular JPsA 
[24]: the presence of small joint disease of the hand or foot (defined 
as involvement of any of the MTP, PIP or DIP joints of the foot, or 
MCP, PIP or DIP joints of the hand) was significantly more frequent 
in oligoarticular JPsA than in oligoarticular JIA at disease onset. The 
odds of patients with oligoarticular JPsA having small joint disease 
or wrist disease within 6 months of disease onset were much higher 
than those with oligoarticular JIA (p < 0.05 or p < 0.001) [24].

Knee arthritis and asymmetrical growth

a)

b)

FIGURE 6.17. Flexion contracture and leg-length overgrowth at 
the left knee with oligoarticular-onset JPsA. Leg-length discrep-
ancy, occurring when knee arthritis of one leg causes more rapid 
leg growth, is more common in the younger child, can lead to func-
tional disability, and ultimately can cause a secondary scoliosis.
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Micrognathia

FIGURE 6.19. Temporomandibular joint disease can result in 
micrognathia (due to decreased and abnormal growth of the jaw) 
with or without jaw deviation. This creates difficulties in eating, 

JPsA of the left foot and asymmetrical growth

FIGURE 6.18. JPsA affecting first MTP and interphalangeal joint in the left foot resulting in asymmetrical growth, and leading to a 
shortened left great toe.

speaking and toothbrushing, which can result in poor oral health 
and caries [5]. There may also be a considerable cosmetic impact.
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Dactylitis

FIGURE 6.20. Dactylitis, or ‘sausage digit’, results from the com-
bined inflammation of joint and tendons and affects the fingers 
and toes. The swelling extends beyond the joint (ie, it is periarticu-
lar), and is often in isolation from arthritis elsewhere and, thus, 

Dactylitis in the foot

FIGURE 6.21. Note the swelling of the whole digit of the right fourth toe and the onycholysis in the nails of the adjacent toes, suggestive 
of psoriasis.

may be easily overlooked. One series reports dactylitis being 
present in 49% of patients with JPsA [10].

The differential diagnosis of dactylitis must include sepsis, 
foreign body synovitis, and tumor.
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Enthesitis

Medial (and lateral) subcutaneous
malleolar or ‘last’ bursa

Plantar
aponeurosis (fascia)

Achilles
tendon

Retrocalcaneal
bursa

Retroachilleal
bursa

Subcalcaneal
bursa

Sites of enthesopathy

FIGURE 6.23. Enthesitis is the site of attachment of tendon, liga-
ment, fascia, or capsule to bone. It is reported to be a cardinal 
feature of adult-onset psoriatic arthritis [25] and classically occurs 
at the foot and heel. Although enthesitis can be observed in chil-

Case history: dactylitis in the left foot

FIGURE 6.22. Note the surgical scar along the dorsum of the third 
toe. This 8-year-old child presented with a swollen toe. He was, 
however, feeling well, apyrexial, and with no history of trauma. 
Investigations revealed a normal full blood count and normal 
acute-phase reactants. There was no family history of note and, in 
particular, no history of psoriasis. He was initially investigated for 
presumed septic arthritis and osteomyelitis. The toe was surgically 
explored; the synovial biopsy was sterile, but revealed non-specific 
chronic inflammatory changes. There was no response to antibiot-

ics. After 6 months, he was referred to pediatric rheumatology for 
the first time. At this stage he had no joint symptoms of note but 
physical examination revealed lack of full extension at his elbow, 
swelling and limited movement of the DIP joint of his right middle 
finger, in addition to the dactylitis and changes of psoriasis in the 
fourth toe adjacent to the dactylitis. The diagnosis was JPsA and 
this case history illustrates a typical case presentation with delay 
to diagnosis and pediatric rheumatology care – a scenario that is 
not uncommon.

dren with psoriasis, it is invariably associated with being HLA-B27 
positive and the clinical features are more typical of the enthesitis-
related arthritis subtype of JIA.



Heel and foot pain in children

Enthesitis

Sever’s disease

FIGURE 6.24. Heel and foot pain are common presenting muscu-
loskeletal complaints in children and adolescents. Enthesitis, 
although uncommon, must be considered in the differential diag-
nosis. In the majority of cases, trauma, ill-fitting shoes, and local-
ized soft tissue causes (eg, verrucae, foreign body) are likely 

Psoriasis at the umbilicus

FIGURE 6.25. The typical skin rash of psoriasis in children is similar 
to that of adults in the majority of cases, with scaly erythematous 
patches over the extensor surfaces of the elbows and knees. 
However, in contrast to adult psoriatic arthritis, juvenile arthritis 
often precedes the rash by several years, and a high index of sus-
picion is required in the presence of arthritis of the small joints of 
the hands, feet and wrists, asymmetrical large and small joint 
disease, and dactylitis. Careful history taking should include 

alternative causes. The characteristic feature of enthesitis, however, 
is exquisite and localized tenderness at the enthesis, as opposed 
to tenderness over the calcaneum itself, which is more typical of 
Sever’s disease (a form of osteochondritis, often related to physical 
activity and not a feature of JIA).

enquiry about ‘dandruff’ to suggest scalp involvement or a 
family history of psoriasis. Careful examination should note any 
features of rash, especially around the umbilicus, behind the ears, 
and natal cleft. 

Less common forms of skin rash in children include guttate 
psoriasis (see Figure 6.6), pustular psoriasis, and even erythroder-
mic psoriasis. Copyright of The Newcastle Upon Tyne Hospitals 
NHS Trust.
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Acute anterior uveitis

FIGURE 6.28. Acute anterior uveitis (ie, a painful red eye) is less 
common in JIA and is associated with enthesitis-related arthritis 
and being HLA-B27 positive. Children with enthesitis-related 
arthritis are therefore more at risk of acute anterior uveitis rather 
than chronic anterior uveitis. Note the injected eye with hypopyon 
in the anterior chamber.

Koebner phenomenon

FIGURE 6.26. A Koebner phenomenon – where psoriasis occurs at 
sites of skin trauma – is recognized in psoriatic arthritis in both 
adults and children. This figure demonstrates Koebner phenome-

Nail changes

FIGURE 6.27. Nail pitting may be subtle and must be carefully 
looked for, as this may be the only feature of psoriasis in the child 
and therefore helpful for diagnosis and prognosis. Other features 
of nail involvement in JPsA are less common and include ony-
cholysis, dystrophy, and horizontal ridging. Nail changes in JPsA 
are often associated with DIP joint involvement, and it is suggested 
that the nail changes are due to enthesitis at the nail bed [25].

non following naval piercing; note the small plaque psoriatic 
lesions elsewhere on the abdomen. Photo courtesy of Dr Lesley 
Kay, Newcastle University.
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Chronic anterior uveitisFIGURE 6.29. Chronic anterior uveitis is described as an inflamma-
tory disease of the anterior part of the eye lasting for more than 3 
months. JIA-associated uveitis is linked with significant ocular 
morbidity and is the most common cause of chronic anterior 
uveitis in childhood. Complications of uveitis include cataract, 
glaucoma, keratopathy, and permanent visual loss. Approximately 
10% of children with JPsA also develop uveitis. In the early stages, 
the eyes looks normal and uveitis can only be detected by slit lamp 
examination. Late-stage uveitis results in visual loss from kera-
topathy, glaucoma, and cataract.

Recommended ophthalmologic monitoring for patients with JIA

Risk

Low

Moderate

High

Interval for 

screening (months)

12

6

3–4

Presence of

antinuclear antibody

–

+ or –

+ or –

–

+

+

Subtype 

of JIA

Systemic

Polyarticular 

Polyarticular

Oligoarticular

Oligoarticular

Oligoarticular

Age at 

onset

Any

Any

<7 years 

<7 years 

<7 years 

<7 years

Disease 

duration

–

>7 years 

–

<8 years

>7 years

<8 years 

FIGURE 6.30. The changes in the early stages can only be detected 
by a slit lamp examination by a skilled ophthalmologist. Regular 
screening is strongly advocated and the frequency of screening is 
influenced by the level of risk. In the UK, the British Society for 

MSUS image of an adolescent with JPsA

Tendon

Erosion

Enthesitis

Effusion
within tendon

sheath

Synovitis

FIGURE 6.31. Musculoskeletal ultrasound 
(MSUS) may be more readily available than 
magnetic resonance imaging, is sensitive to 
early changes of synovitis and enthesitis, 
well tolerated in children, portable, and can 
be used in a dynamic setting [27]. It, there-
fore, has enormous potential use in children, 
particularly as radiographs are often normal 
in early disease (as the joints are predomi-
nantly cartilaginous). This figure shows an 
MSUS image of an MCP joint in an adoles-
cent with JPsA, and demonstrates active 
synovitis, enthesitis, and erosive changes. 

The use of MSUS and Power Doppler 
have been reported in JIA [28,29], but there 
are no published reports of MSUS in JPsA. 
Photo courtesy of Dr David Kane and Dr Jo 
Cunington, Newcastle University.

Paediatric and Adolescent Rheumatology advocate regular screen-
ing for at least 5 years or until the child reaches 12 years [26], 
although these guidelines are currently under revision. Figure 
reproduced from Cassidy et al [23].
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Medicines used to treat inflammatory arthritis in children

Non-steroidal anti-inflammatory drugs (NSAIDs)

Daily dose (mg/kg/day)

20–40Ibuprofen

10–15Naproxen

10–20Piroxicam

2–3Diclofenac

1–2Indomethacin

Notes:

•    combinations of NSAIDs are not used 
•    salicylates are not recommended because of the risk of Reye's syndrome
•    indomethacin slow-release preparations are often given at night to reduce morning stiffness 
•    sugar-free syrups should be prescribed wherever possible to reduce the risk of dental caries 
•    there is no licence currently available for cyclooxygenase (COX)-2-selective inhibitors to be used in children  

Corticosteroids

Dose for intra-articular use (mg/kg)

Triamcinolone hexa/acetonide 1–2 large joints (eg, knee)

Prednisolone acetate 10–20 small joints (eg, MCPs)

Disease-modifying antirheumatic drugs (DMARDs)

Methotrexate

Sulfasalazine

Leflunamide

(Cyclosporine)

Biologics and anticytokine therapies

Etanercept (only anti-TNF-α medication licensed for use in JIA)

Infliximab

Adalimumab

FIGURE 6.32. The main objectives of treatment are to help the child 
maintain a normal level of physical and social activity and optimize 
quality of life. Management is by a multidisciplinary team and will 
include medication and physical therapy (either with a physiothera-
pist or an occupational therapist) to achieve these goals.

The exposure to oral corticosteroids is minimized with increasing 
use of intra-articular corticosteroids (triamcinolone hexacetonide/
acetonide) and early use of DMARDs, especially MTX. Pulsed intrave-
nous methylprednisolone is used for severe polyarthritis and is a 
useful bridging agent when starting MTX therapy. Daily calcium and 
vitamin D supplements are often given to reduce the risk of osteopo-
rosis. Topical corticosteroids are used to treat uveitis, although MTX 
(or tacrolimus) is also useful. NSAIDs are commonly used with sugar-
free preparations being advocated to miminize caries risk. MTX is 
widely used, is efficacious [30] and well tolerated with few side 
effects. There are very few reports of serious complications (eg, liver 
fibrosis, pneumonitis), and the theoretical risks of malignancy and 
infertility have not been reported. MTX given by a subcutaneous 
route improves bioavailability and tolerability [31]. Alternative 
DMARD therapy (eg, leflunamide, cyclosporine, sulfasalazine) may be 
given as single agents or in combination therapy with MTX, but there 

is considerable toxicity and poor evidence of efficacy. The drugs gold 
and penicillamine and hydroxychloroquine are very rarely used due to 
poor efficacy and considerable toxicity [32]. Intra-articular corticoste-
roid is highly effective and safe [33], with triamcinolone hexaceton-
ide being more efficacious than triamcinolone acetonide [34]. Early 
use of intra-articular corticosteroid in oligoarticular JIA and oligoar-
ticular JPsA is advocated – in the case of knee involvement, the earlier 
the joint injection in the course of the disease, the less risk there is of 
leg-length discrepancy and muscle wasting [35]. Ultrasound imaging 
is increasingly used to facilitate accurate injection and especially to 
relatively inaccessible joints (eg, subtalar and hip joints).

Etanercept (a soluble tumor necrosis factor (TNF)-α receptor 
fusion protein) is the sole agent currently with a licence for use in 
refractory polyarticular JIA (and including JPsA if there is polyarticu-
lar involvement). In the UK, there are stringent criteria for use [36], 
and monitoring (for safety and efficacy) is mandatory (www.bspar.
org.uk). Evidence to date, shows dramatic and sustained improve-
ment with reduced joint damage in approximately two-thirds of 
patients with JIA [37,38]. It is likely that further anti-cytokine agents 
will be licensed for use in JIA in the future, following very promising 
evidence of their use in adults with RA and psoriatic arthritis.
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7
The Management of Psoriatic Arthritis

Philip J. Mease

The management of psoriatic arthritis (PsA) 
begins with education. Each consultation provides 
an opportunity for the physician to counsel the 
patient and family about the disease and its clini-
cal course that is unique to that individual. It is a 
chance for the patient and family to learn and 
adapt. There are also a variety of further ways for 
instruction to occur. In addition to regional edu-
cational symposia, there exists an international 
network of service organizations, focused on edu-
cation and advocacy for patients with psoriasis 
and PsA, which are accessible by phone, mail, and 
the internet. Examples include the National Pso-
riasis Foundation and Arthritis Foundation in the 
USA, and a variety of similar organizations in 
other parts of the world.

There are numerous non-medication thera-
peutic approaches. Helping a patient cope with 
pain, physical dysfunction, and the embarrass-
ment of skin lesions is achieved through counsel-
ing and understanding. It is helpful to encourage 
a balance of work, family, leisure, exercise, and 
rest. Proper sleep quality is important. Exercise 
that maintains muscle tone and fl exibility, without 
stressing joints, can be taught. Physical and occu-
pational therapists can manage specifi c physical 
therapies and provide assistive devices such as 
splints, orthotics, and walking aids. Interdisci-
plinary communication between healthcare pro-
viders is important.

Numerous medication approaches can be 
helpful to achieve the goals of reduction of pain 
and stiffness, improvement of function, energy, 
and quality of life, inhibition of disease progres-
sion in the joints, and amelioration or clearing of 

skin lesions. Treatment of skin diseases is dis-
cussed in Chapter 8, Treatment of Psoriasis. Most 
patients who develop PsA have already been 
working with a dermatologist and primary care 
provider for the treatment of the skin lesions of 
psoriasis, which usually precedes the develop-
ment of PsA. This may have consisted of topical 
treatments or ultraviolet light. If the patient has 
been on systemic medications, such as methotrex-
ate or a biologic, it is possible that this will have 
modifi ed the initial appearance or severity of PsA. 
When pain in joints (arthritis) or at tendon or 
ligament insertion sites (enthesitis) begins, it is 
very common for the patient to try an over-the-
counter remedy such as acetaminophen or a non-
steroidal anti-infl ammatory drug (NSAID). In 
some cases, if there are few joints involved and the 
disease is mild, this may prove to be adequate. On 
occasion, if one or two joints are infl amed out of 
proportion to others, intra-articular injection 
with a corticosteroid may be helpful to quiet the 
joint down. In patients with moderate-to-severe 
disease, including those who do not respond ade-
quately to NSAID or injection therapy, it will be 
appropriate to use a disease-modifying antirheu-
matic drug (DMARD). Examples include the older 
drugs, which non-specifi cally diminish immuno-
logic over-reactivity, such as methotrexate, sul-
fasalazine, and cyclosporine. Whereas a pattern of 
drug rotation has been a common approach in 
psoriasis treatment in order to avoid ‘wearing off ’ 
of effect and avoiding toxicity, this is not an 
appropriate paradigm in arthritis management, 
where progressive joint destruction can occur 
without continuous therapy. There has been scant 
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controlled trial evidence for the effi cacy of these 
medications in PsA (although there is substantial 
evidence in rheumatoid arthritis [RA]), but, none-
theless, they have been used widely, particularly 
methotrexate. The drawback of these medications 
in some patients is that they may not be fully 
successful, their effi cacy may diminish over time, 
and, in some individuals, they may yield unac-
ceptable side effects, such as the potential for 
hepatotoxicity with methotrexate.

An increased understanding of the specifi c cel-
lular pathophysiology of the infl ammatory immu-
nologic conditions, such as RA and psoriasis, has 
led to the development of targeted treatments 
known as biologics. These are proteins biologi-
cally engineered to interact with specifi c cellular 
receptors or messengers to inhibit or down-
regulate overly reactive immune functions. When 
employed in chronic infl ammatory conditions, 
they have proved highly effi cacious in the major-
ity of patients in both the joints and skin. Side 
effects do occur, such as the potential for in-
creased infection, but with appropriate surveil-
lance, they have so far proven to be relatively safe. 
Furthermore, for the fi rst time in PsA, there is 
evidence that at least one class of these medica-
tions, the anti-tumor necrosis factor agents, can 
inhibit the progression of PsA as measured by X-
ray changes over time. It is likely that this will be 
shown with other classes of biologics as well. This 
is a key goal for patients with more severe and 
advancing disease.

Coupled with the development of new thera-
peutic options has come an increased interest in 
developing and utilizing outcome measures in 

clinical trials that can accurately measure the effi -
cacy of these medications. This is particularly 
important to know as we use health resources to 
pay for medications and monitor for adverse 
effects. In addition to measuring easily quantifi -
able benefi ts, such as reduction in tender and 
swollen joint count as well as skin lesions, it is 
important to measure less easily assessed benefi ts, 
such as a decrease in fatigue, improvement of 
quality of life, and socioeconomic benefi ts to the 
society of improved health in an individual. The 
measures used in PsA trials are described in 
the accompanying fi gures. International consortia 
of PsA and psoriasis researchers, such as the 
Group for Research and Assessment of Psoriasis 
and Psoriatic Arthritis (GRAPPA), are actively 
working on these measures. Other work of this 
group includes the development of long-term 
clinical registries to track disease natural history, 
the impacts of therapy, and treatment side effects.

At the present time, we have a growing number 
of therapeutic agents that can bring us closer to 
our goal of decreasing debilitating pain and stiff-
ness, improving function and quality of life, 
improving skin disease, and inhibiting joint 
destruction. We have more tools that can be used 
either singularly or in combination to achieve 
optimal benefi t at various stages of disease. Mea-
suring benefi t of these therapies is an evolving 
science. The accompanying fi gures detail these 
options. Combining use of these agents with 
increased understanding of the disease and 
increased public awareness through education 
provides great promise for the treatment of 
patients with PsA and psoriasis.
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FIGURE 7.1. Patient education is an important component of man-
agement of psoriatic arthritis (PsA). Not only may the patient and 
family obtain information from their physicians and nurses, but 
also by phone, mail, or online from patient service organizations 
devoted to psoriasis or arthritis. These organizations are devoted 
to education, support and advocacy for patients with PsA and 
psoriasis. In the USA, the National Psoriasis Foundation (www.
psoriasis.org) and the Arthritis Foundation (www.arthritis.org) are 
two of these. Joint preservation techniques can help avoid overuse 
of painful joints. Modification of daily activities and of the work-
place environment may do the same. Occupational therapists can 
direct patients toward adaptive equipment, such as large-handled 
cutlery. Physical therapy, such as hydrotherapy, may be beneficial, 
and isometric exercises can help maintain joint strength and flex-
ibility. Non-steriodal antiinflammatory drugs (NSAIDs [eg, ibupro-
fen, diclofenac, and naproxen]) and the newer cyclooxygenase 
(COX)-2 NSAIDs (eg, celecoxib) have traditionally been the drugs 
first used. Many patients respond well to NSAIDs alone. Caution 

Therapy of PsA

•    Education

•    Physical therapy and exercise 

•    Splints and assistive devices

•    NSAIDs

•    DMARDs

•    Biologic agents

•    Intra-articular corticosteroid injections

•    Surgery: joint revision or replacement

Therapeutic targets in PsA
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FIGURE 7.2. There are a number of different ‘targets’ to consider 
when choosing treatments for PsA. These include the peripheral 
(non-spine) joints, the skin and nails, the spine, dactylitis (‘sausage 
digits’), and enthesitis (insertion sites of tendons, ligaments, and 
joint capsule). When more than one of these targets are inflamed 
and/or damaged in PsA, one needs to think about the optimal 
approach to managing each area, as well as thinking about the 
patient as a whole. Listed under each target are examples of ther-
apies that may possibly be helpful. There is not enough evidence 
from clinical trials to inform us whether certain therapies will be 

must be exercised regarding gastrointestinal side effects, which 
can be problematic, or cardiovascular risk in susceptible patients, 
which may limit their acceptability to patients. In addition, some 
patients rarely experience worsening of psoriasis with NSAIDs. 
Disease-modifying antirheumatic drugs (DMARDs), such as 
methotrexate and sulfasalazine, are often used in conjunction with 
NSAIDs for severe articular disease, but side effects can affect 
patient tolerability. Although these drugs may control the acute 
inflammation of PsA they do not significantly affect progression of 
radiologic or clinical damage. New, more effective drugs have been 
sought for some time and some of the problems inherent in the 
treatment of PsA may be addressed by the new biologic agents, 
including those that target tumor necrosis factor (TNF), which 
plays a central role in the inflammatory process in PsA. Intra-
articular corticosteroid injections may be useful when one or two 
joints are flaring. If a joint has been sufficiently damaged, it may 
be necessary to enlist an orthopedic surgeon to perform revisional 
or replacement surgery.

effective; for example, DMARDs in the context of axial (spine) 
disease, dactylitis, or enthesitis. There is evidence from studies 
in ankylosing spondylitis, a related spondyloarthropathy, that 
DMARDs can be effective in peripheral joints but not the spine, so 
until there are specific data for PsA in this regard, we tend to 
extrapolate from our evidence in related conditions. PUVA, com-
bination of psoralen (P) and long-wave ultraviolet radiation 
(UVA); UVB, middle-wave ultraviolet radiation. Reproduced with 
kind permission of Artie Kavanaugh, University of California, 
San Diego.
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Who will progress aggressively?

•    Presenting elements to consider:

– lack of response to NSAIDs

– number of joints involved

– erosions on radiograph

– elevated sedimentation rate or CRP

– disability

•    Observation over time:

– inadequate response to serial therapy trials

– progression of erosions on radiograph

FIGURE 7.3. Treatment decisions require consideration of disease 
that may progress aggressively. Predictors of aggressive disease 
include a poor response to NSAIDs therapy, polyarthritis, radio-
graphic erosions, elevated sedimentation rate, and C-reactive 
protein (CRP), and noticeable disability resulting from PsA. Over 
time, aggressive progression of disease is indicated by an inade-
quate response to trials of serial therapy and radiographic progres-
sion of erosions. Modified with permission from [1].

Measures of PsA outcome

•    ACR response criteria: 20%, 50%, 70% (validated in RA, not PsA):

– tender and swollen joint count (modified for PsA to include DIP and CMC joints: 78/76, 68/66)

– 3/5: patient global, physician global, patient pain, HAQ, acute phase reactant (sedimentation
    rate, CRP)

•    PsARC:

– improvement in at least 2 of 4 criteria, including:

- Physician Global Assessment (0–5);

- Patient Global Assessment (0–5);

- tender joint score (≥30%); and

- swollen joint score (≥30%)

– improvement in at least 1 of 2 joint scores

– no worsening in any criteria

•    DAS

•    Enthesitis score

•    Dactylitis score 

•    Function/QoL/disability indices (HAQ, SF-36, DLQI, PsAQoL)

•    Radiographic (modified Sharp, modified Steinbrocker, Wassenberg)

•    Skin (PASI, target lesion, static global) 

FIGURE 7.4. Outcome of PsA can be measured using various 
assessment instruments. The American College of Rheumatology 
(ACR) clinical response criteria are categorized according to per-
centage reductions (20%, 50%, or 70%) in tender and swollen joint 
counts and in three or more of patient pain assessment, patient 
global assessment, physician global assessment, patient disability 
assessment (using the Health Assessment Questionnaire [HAQ]), 
and acute phase reactant. The Psoriatic Arthritis Response Criteria 
(PsARC) was first crafted for a study of sulfasalazine [2] and named 
when used in the first etanercept trial [3]. Both have been used in 
PsA trials, proving to be discriminative and responsive. The disease 
activity score (DAS), developed in Europe as a measure both of the 
current state of rheumatoid arthritis (RA) as well as change of RA 
with therapy, has been shown to be a highly sensitive and specific 
instrument when analyzed retrospectively in etanercept and 
infliximab trials (Antoni C and Mease P, personal communication). 

Scoring systems to measure change of enthesitis and dactylitis 
with therapy are in development. Function can be measured using 
the HAQ. Quality of life can be measured using the Short Form 36 
(SF-36), Dermatology Life Quality Index (DLQI), or PsA Quality of 
Life (PsAQoL) questionnaire. Radiographic assessment is a devel-
oping science in PsA, with recent trials employing the modified 
Sharp or modified van der Heijde–Sharp systems, which have been 
used in RA. Skin lesions can be quantified using the Psoriasis Area 
and Severity Index (PASI) and the target lesion score. PASI is a 
composite measure of erythema, scale and induration, weighted 
by severity and body surface area. The target lesion score is derived 
from the scale, plaque, and erythema of a single lesion. The static 
global is a less quantitative overall assessment that uses phrases 
such as ‘clear’ or ‘almost clear’. CMC, carpometacarpal; DIP, distal 
interphalangeal. Modified with permission from [4].



Trial-verified benefit of traditional

DMARDs in PsA

Compound
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Cyclosporine (abs.)

Gold (1*)

Azathioprine (1*)

Leflunomide (1*)

Arthritis

Marginal

Marginal

Marginal

Marginal

PsARC 59%

ACR20 36.3%

Skin

None

Improvement in

Physician Global

Assessment only

Improvement 

in area of skin 

involvement only

Good

None

None

Median PASI

Improvement 23.8% 

FIGURE 7.5. Disease-modifying drugs are those which interfere with 
basic biologic pathways in cells. Although they may effect a number 
of cell types nondiscriminately, they are given in order to have the 
greatest impact on rapidly proliferating inflammatory cells. The 
effects of DMARDs in patients with PsA have been measured in 
various controlled studies. Sulfasalazine was found to have a mar-
ginal affect on arthritis and no effect on the skin in PsA [2]. Metho-
trexate improved arthritis according to Physician Global Assessment 
only and improved the area of skin involvement only [5]. This study 
did not enroll an adequate number of patients to calculate adequate 
statistical significance, and only a third of the patients used a meth-
otrexate dose currently considered adequate, so it is probably not a 
fair reflection of the capability of this medication in PsA. Cyclosporine 
had a marginal effect on arthritis and a good benefit on the skin [6]. 
Both gold and azathioprine had a marginal effect on arthritis and no 
benefit on the skin in patients with PsA [7,8]. The most recent trial, 
that of leflunomide, was well designed, adequately powered, and 
showed statistically significant superiority of leflunomide compared 
with placebo in both joints and skin [9]. Traditionally, these drugs are 
used for RA, and thus they have been extended to patients with PsA, 
but the results of these studies suggest that they may not be ade-
quately effective in many PsA patients and new therapies are needed. 
ACR20, American College of Rheumatology 20% improvement criteria.

Sulfasalazine in PsA: PsARC

response at 36 weeks
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FIGURE 7.6. Effect of sulfasalazine on PsA was measured in a 
double-blind randomized placebo-controlled trial [2]. Patients 
with NSAID-resistant PsA were randomly allocated to receive 
sulfasalazine 2000  mg/day or placebo and were followed for 36 
weeks. Treatment response was based on joint pain/tenderness 
and swelling scores and physician and patient global assessments. 
At the end of treatment, response rates were 58% for sulfasalazine 
and 45% for placebo. The primary outcome measure of PsARC 
was statistically significant, but treatment differences favoring 
sulfasalazine in the four components that defined PsARC response 
were each statistically weaker. Adverse reactions were fewer than 
expected and were primarily gastrointestinal complaints, includ-
ing dyspepsia, nausea, vomiting, and diarrhea. A longitudinal 
analysis (including data over the treatment period) showed a 
weaker treatment effect than did the last visit analysis. Sulfasala-
zine compared with placebo percentage response at 36 months 
showed no significant difference (p = 0.13). Modified with permis-
sion from [2].

Leflunomide in PsA: ACR20 and PsARC results
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FIGURE 7.7. The efficacy and safety of leflunomide, an oral pyrim-
idine antagonist approved for RA was evaluated as a treatment for 
PsA in a double-blind, randomized, placebo-controlled trial of 190 
patients [9]. Patients with active PsA and psoriasis (at least 3% skin 
involvement) were randomly allocated to receive leflunomide 
(100  mg/day loading dose for 3 days followed by 20  mg/day 
orally) or placebo for 24 weeks. Patients receiving leflunomide had 

significantly better ACR20 (a) and PsARC (b) scores than patients 
receiving placebo. In addition, patients receiving leflunomide 
showed significant improvement in the designated psoriasis target 
lesion and mean changes from baseline in PASI scores and quality-
of-life assessments. Diarrhea and liver function test abnormalities 
occurred at higher rates in patients receiving leflunomide. Modi-
fied with permission from [9].
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FIGURE 7.8. A number of cells and molecular messengers (cyto-
kines and chemokines) are involved in the pathogenesis of disease 
in both the joints and the skin in patients with PsA. Prominently 
involved effector cells are T-lymphocytes and macrophages, which 
become activated due to antigen stimulation. A variety of pro-
inflammatory cytokines are generated, including TNF-alpha (TNF-
α), interleukin (IL)-1, IL-6 and IL-8, and others, which in turn, 
interact with fibroblasts and chondrocytes to generate enzymes 
responsible for cartilage destruction and contribute to the differ-
entiation of osteoclasts, which cause bone destruction. One of the 
key cytokines, TNF-α, is a pro-inflammatory cytokine, which can 
be detected in high levels in psoriatic skin lesions and in the joints 

Role of cytokines and cytokine inhibitors

in chronic inhibition

Soluble TNF
receptor IL-10IL-1TNF-α

IL-1
receptor

antagonist

Pro-inflammatory Anti-inflammatory

FIGURE 7.9. Pro-inflammatory cytokines, such as TNF-α and IL-1, 
are commonly found at high levels in the tissue of patients with 
chronic inflammatory diseases such as PsA [10]. This is counterbal-
anced to an extent by increased production of anti-inflammatory 
cytokines such as soluble TNF receptor, IL-10 and IL-1 receptor 
antagonist. However, the upregulation of homeostatic regulatory 
mechanisms is not sufficient and the anti-inflammatory mediators 
are unable to neutralize all of the TNF-α and IL-1 produced. It is 
thought that the pro-inflammatory cytokines are linked in a 
network, with TNF-α playing a significant role, making this a 
logical therapeutic target.

of patients with PsA. Monocytes secrete TNF-α, usually in response 
to injury or infection, and this cytokine displays multiple biologic 
activities. At the cellular level, TNF-α is involved in stimulation of 
collagenase and prostaglandin E2 synthesis and production of 
other cytokines, including IL-1, IL-6, and IL-8. At the tissue level, 
TNF-α is involved in proteoglycan breakdown and bone resorp-
tion. Some or all of these processes may play a part in the patho-
genesis of PsA. An increased understanding of this inflammatory 
cascade has opened the door to the development of specifically 
targeted therapies that can inhibit the cascade, resulting in greater 
effectiveness and potentially fewer side effects. MMP, matrix 
metalloproteinase.



Philip J. Mease 87

Key actions attributed to TNF

Pro-inflammator cytokines
Chemokines

Adhesion molecules

Vascular endothelial growth factor (VEGF)

Acute phase response

Metalloproteinase synthesis

RANKL expression

Increased
inflammation

Increased
cell

infiltration

Increased
angiogenesis

Increased
CRP in serum

Bone
erosions

Articular
cartilage

degredation

Osteoclast
progenitors

(OCPs)

Synoviocytes

Hepatocytes

Endothelium

Macrophages

TNF

FIGURE 7.10. TNF is thought to be involved in several key actions 
that would potentiate the pathologic processes seen in PsA. Stim-
ulation of pro-inflammatory cytokines and chemokines would 
cause increased inflammation. Increased expression of endothelial 
adhesion molecules would potentiate cell infiltration and greater 
vascular endothelial growth factor secretion would lead to 

Cytokine inhibition

Soluble
receptor

No signal No signal

Monoclonal
antibody

Monoclonal
antibody

Receptor
antagonist

a) b)

FIGURE 7.11. (a) One possible method of cytokine inhibition is to 
neutralize the cytokine, such as TNF, by binding it to a monoclonal 
antibody. This would then prevent the cytokine from binding with 
its soluble receptor, which in turn would send no signal to the 
target cell. (b) Alternatively, cytokines may be inhibited by block-

increased angiogenesis. A heightened acute phase response would 
cause the elevated CRP levels that are commonly found in PsA. 
Increased metalloproteinase synthesis would cause articular carti-
lage degradation, and increased expression of the receptor activa-
tor of NF-κB ligand (RANKL) would lead to bone erosions.

ing their cell-bound receptors, either with a receptor antagonist or 
with a monocloncal antibody. Both can bind to cell-bound recep-
tors, which in turn would send no signal to the target cell. Modified 
with permission from [11].
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FIGURE 7.12. TNF inhibition. TNF binds to cell-bound TNF recep-
tors. There are two distinct but structurally similar receptors, des-
ignated p55 and p75. The receptors form dimers on the cell surface, 
where each binds one molecule of TNF, thus initiating a signal. 
Soluble forms of both the p55 and p75 receptor have been identi-
fied. (a) Anti-TNF monoclonal antibodies (mAbs) can bind to cell-
bound and soluble TNF, preventing binding with the p55 and p75 

b)

p55 receptor

Target
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p75 receptor

Activated
immune cell

TNF 

Etanercept

receptors on target cells, which in turn are not activated. Examples 
of such mAbs include the chimeric agent, infliximab, and the fully 
human adalimumab. (b) Alternatively, TNF may be inhibited using 
soluble receptors. Etanercept is a recombinant dimeric form of the 
soluble TNF p75 receptor. Like the endogenous soluble receptor, 
etanercept binds tightly to TNF, rendering it inactive and prevent-
ing any signal in the target cell.
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Design elements in current PsA trials

•    ≥3 tender and swollen joints (in all but infliximab trials):

– allows evaluation of patients with oligoarticular presentation <5 tender and swollen joints 

•    Variable amount of skin involvement

•    Background methotrexate allowed, not required, and typically used in 40–50% of patients

•    Low-dose prednisone allowed, but rarely used

•    Key measures: ACR, PsARC, PASI response

•    Assessment domains in development:

– spine

– enthesitis

– dactylitis

– fatigue

– function/QoL

– radiologic progression

FIGURE 7.13. Prior to the current interest in treating PsA with 
biologic agents, there were few controlled trials, and little stan-
dardization of study design or outcome measures. However, with 
recent increased interest in treatment of PsA, because of the 
promise of effectiveness of newer medicines, more standardized 
study approaches have been employed. In most trials, patients 
with at least three tender and swollen joints are included, a lower 
minimum number than allowed in RA trials, so that the experience 
of patients with oligoarticular joint involvement can be deter-
mined. Since joint response is the primary outcome in these trials, 
some patients may be entered who have less than 10% body 
surface area involvement with psoriasis, the usual minimum for a 
pure psoriasis trial. Since assessment instruments used for the skin 

Demographics of etanercept phase III trial

Characteristic

Age (range)

Sex (male/female, %) 

Arthritis duration (mean years)

Psoriasis duration (mean years)

Concomitant medications:

Corticosteroids 

NSAIDs

Methotrexate

Mean weekly dose

Placebo 

(n=104)

47 (21–73)

45/55

9.2

19.7

15%

83%

41%

15.4 mg

Etanercept 

(n=101)

48 (18–76)

57/43

9.0

18.3

19%

88%

42%

16.3 mg

FIGURE 7.14. Following an encouraging phase II study of etaner-
cept in PsA, showing highly significant ACR, PsARC, and PASI 
responses [3], a larger multi-center study was conducted.

Demographics of the patient population in this phase III trial 
are shown in this figure [12]. These demographics have proven to 
be similar in other trials discussed in this chapter. A total of 205 
patients with PsA and psoriasis were enrolled in the study; 101 
received etanercept and 104 received placebo. As mentioned pre-
viously, randomization was stratified by concomitant methotrex-
ate use. Patients received 25  mg etanercept or placebo for 24 
weeks [12]. Arthritis severity was measured by ACR20 and the 
PsARC. Psoriasis activity was measured by improvement in target 
lesion score in all patients and, in a subset of patients with �3% 
body surface area involvement with psoriasis lesions (n = 62 for 
placebo; n = 66 for etanercept), by using the PASI. Modified with 
permission from [12]. 

do not perform as reliably in patients with minimal skin involve-
ment, evaluations are focused on patients with higher amounts of 
skin disease who are evaluable for PASI scoring (�3% body surface 
area involvement). For ethical reasons, for those having partial 
response to methotrexate, continuation of this is allowed and the 
patients are then stratified, based on methotrexate use, to new 
treatment or placebo. In most studies, background methotrexate 
is used in 40–50% of patients. Background NSAIDs use is allowed, 
as is low-dose prednisone, although the latter is rarely used 
because of concern regarding potential flare of psoriasis after ste-
roids are discontinued. The key measures of response have been 
the ACR, PsARC, and PASI responses. Variably, other measures in 
development have been performed, as noted.
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Results of phase III trial of etanercept in PsA

ACR20 responses HAQ responses

PsARC response over time 12-month radiographic results
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p=0.0002

p=0.145

p=0.0002

Etanercept (n=95)
Placebo (n=91)

FIGURE 7.15. The primary endpoint, ACR20 response at 12 weeks, 
was met by 59% of patients receiving etanercept and 15% of 
patients receiving placebo (p < 0.001) [12]. Patients receiving 
etanercept had significantly greater responses in each of the 
parameters of disease activity compared with placebo, regardless 
of concomitant methotrexate use. ACR20 response is considered 
by many investigators to be a more demanding arthritis efficacy 
endpoint than the PsARC because of the large number of elements 
that must be improved to achieve an ACR response. The clinical 
response for etanercept was maintained through 6 months and 
70% of patients enrolled in the open-label extension trial achieved 
ACR20 by 12 months, suggesting that etanercept provided durable 
relief of symptoms. Patients treated with etanercept showed 
significantly more improvement in target lesions than patients 
treated with placebo; the median improvement in target lesion at 

24 weeks was 33% in patients receiving etanercept compared 
with 0% in patients receiving placebo. Results from the subset 
of patients who were evaluated using PASI showed a median 
improvement of 47% in patients receiving etanercept while no 
improvement was seen in those receiving placebo. Patients treated 
with etanercept had significant improvement in HAQ and SF-36 
scores [12]. Etanercept was well tolerated, with no increase in the 
number of serious adverse events occurring in patients receiving 
etanercept compared with those receiving placebo. At 12 months, 
it was demonstrated that patients treated with etanercept showed 
no radiographic progression, as illustrated by total Sharp score 
(TSS), erosion score (ERO), or joint space narrowing (JSN) score. In 
contrast, patients who received placebo showed significant 
progression in these parameters [12]. Modified with permission 
from [12].



Etanercept in PsA: radiographic progression

mean change in TSS through 24 months

Etanercept

EtanerceptEtanercept

Double-blind
phase

Open-label
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*
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FIGURE 7.16. Durability of anti-TNF effect on inhibition of joint 
destruction observed at 2 years. In the open-label extension phase 
of the etanercept phase III study in PsA, it was demonstrated that 
there continued to be an inhibition of progressive joint destruction 
as measured by lack of radiographic change. This was seen in both 
the originally etanercept-treated group as well as the originally 
placebo-treated group once they were on etanercept therapy. 
*p = 0.0006, stratified rank test; †p = 0.0006, stratified rank test.

IMPACT 2: study design/subject disposition

Infusion

Week 0
Week 2

Week 6

Week 14
Week 16
Week 18

Week 22
Week 24

Week 54

Infliximab q8wk

Evaluation

Placebo
(n=100)

Early
escape

5 mg/kg
(n=47)

Infliximab
5 mg/kg
(n=100)

Early
escape

placebo
(n=47)

FIGURE 7.17. Study design of the phase III Infliximab Multina-
tional Psoriatic Arthritis Controlled Trial 2 (IMPACT 2) involving 200 
patients randomized to infliximab 5  mg/kg versus placebo, strati-
fied according to background methotrexate use (used by 46% of 
patients). Patients were dosed at weeks 0, 2 and 6 and every 8 
weeks thereafter. Based on clinical presentation at week 16, 
patients could ‘early escape’ and if on placebo, were administered 
infliximab, and if on infliximab, were administered placebo. After 
week 24, all patients received infliximab. Demographics were 
similar to those of the etanercept trial [13]. Modified with permis-
sion from [13].

Infliximab in psoriasis/PsA therapy:

phase III study

Patients
(%)

100

80

60

40

20

0

58*

77*

27

11
2

64*

*p<0.01

ACR20 PsARC PASI 75

Infliximab 5 mg/kg at weeks 0, 2, 6
Placebo

FIGURE 7.18. The primary endpoint in the phase III infliximab 
study was ACR20. Additional endpoints were PsARC and PASI 75. 
At week 14, patients who had received treatment with infliximab 
showed a significantly greater response on all criteria, compared 
with patients who had received placebo [13]. Modified with per-
mission from [13].
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Infliximab reduces inflammation in PsA (IMPACT 2)

Infliximab 5 mg/kg (n=100)
Placebo (n=100)
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FIGURE 7.19. In the phase II IMPACT 2 study, the percentage of 
patients with �1 dactylitic digit was determined at baseline. 
(a) The percentage of patients with dactylitis diminished signifi-
cantly with infliximab treatment over the course of the study. 

ADEPT study design
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FIGURE 7.20. The phase III ADalimumab Effectiveness in Psoriatic 
arthritis Trial (ADEPT) involved 313 patients randomized to adali-
mumab, 40  mg every other week subcutaneously, or placebo, 
stratified by methotrexate background (50%). Demographics were 
similar to those of etanercept and infliximab studies. If an inade-
quate effect at week 12 was noted, adjustment of background 
medications could occur. The open-label phase began at week 24 
[4]. Data taken from [14,15].

(b) Similarly, the percentage of patients with enthesitis, as deter-
mined by palpation of tendon insertions at the heel, diminished 
significantly with infliximab treatment. Modified with permission 
from [13].
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Adalimumab in PsA: ACR response at

weeks 12 and 24 (ADEPT)

placebo
n=612

Adalimumab
n=151
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Adalimumab
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p>0.001
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adalimumab

FIGURE 7.21. ACR responses in adalim-
umab phase III trial. ACR20, −50, and −70 
responses were achieved in 58%, 36%, and 
20% of participants at week 12, respec-
tively, and were sustained at week 24. Data 
taken from [14,15].

HAQ mean change from baseline at week 12 and 24 (ADEPT)

HAQ mean
change from

baseline

2.0

0

–0.2 –0.1 –0.1
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–0.6
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Week 12

Placebo Adalimumab

Week 24

*p<0.001 placebo vs
adalimumab

FIGURE 7.22. HAQ scores in the adalim-
umab phase III trial. In the adalimumab 
group, significant improvements were 
seen in the functional measure, HAQ, of 0.4 
points change. The minimally important 
clinical difference of HAQ has been deter-
mined to be 0.3 [16]. Data taken from 
[14,15].

Adalimumab in PsA: ACR response at

weeks 12 and 24 (ADEPT)
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FIGURE 7.23. Highly significant improve-
ments in psoriasis skin lesions were noted 
at week 12, with further improvement 
noted at week 24. Data taken from 
[14,15].
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*

Mean change in mTSS at week 24 (ADEPT)

Change in
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FIGURE 7.24. Of the total 313 patients with moderate to severely 
active PsA who participated in ADEPT, 296 patients had X-rays at 
baseline and week 24, and 265 patients also had X-rays at week 48 
(in the open-label extension study). During the 24-week blinded 
study period, patients receiving adalimumab had significantly less 
progression in modified total Sharp score (mTSS) when compared 
with placebo patients (*p < 0.001, ranked analysis of covariance 
[ANCOVA]). Statistical significance was maintained in all sensitivity 

Safety issues of anti-TNF therapy

•    Laboratory assessment:

– routine lab monitoring (eg, CBC, LFTs, creatinine); not essential unless clinically indicated

•    Injection site reactions to subcutaneous medications are mild, self-limited, and do not necessitate cessation of therapy

•    Infusion reactions to IV medications are rare – may necessitate slowing IV or ceasing infusion and possibly medical interventions

•    Rare events:

– severe bacterial infections

– tuberculosis

– other opportunistic infections (eg, histoplasmosis, coccidioidomycosis, listeria)

– demyelinating disorders (eg, multiple sclerosis)

– drug-induced lupus

– congestive heart failure

– cytopenias

•    Cancer rates are not increased compared with background prevalence

FIGURE 7.25. Anti-TNF therapy is associated with fewer risks and 
serious adverse events than the more traditional DMARDs. Injec-
tion site reactions to subcutaneous medications are mild and self-
limiting. Infusion reactions to intravenous (IV) medications are 
rare, but when they do occur, they may necessitate slowing the 
administration of the drug or ceasing it completely. Serious bacte-
rial and opportunistic infections may occur. An increased incidence 

analyses. At week 24, the change in erosion scores and joint space 
narrowing scores were 0.6 and 0.4 for placebo patients and 0.0 and 
−0.2 for adalimumab-treated patients, respectively (p < 0.001, 
ranked ANCOVA). Neither treatment arm demonstrated significant 
progression in PsA-associated features, and X-rays taken at week 
48 demonstrated that the lack of progression observed at week 
24 was maintained to week 48 in adalimumab-treated patients. 
Modified with permission from [15,17].

of tuberculosis has been seen, but its risk can be mitigated through 
appropriate screening. No increase in cancer rates compared with 
background prevalence in RA populations has been reported in 
patients receiving anti-TNF therapy in clinical trials in RA. There is 
little known about background prevalence of cancers in PsA. CBC, 
complete blood count; LFT, liver function test.



PsA: new therapies on the horizon

•    Other anti-TNF agents (eg, CDP870)

•    IL-1 Inhibitors (eg, anakinra (Kineret®), IL-1 TRAP)

•    Other cytokine targets (eg, IL-6, IL-12, IL-15)

•    Co-stimulatory blockade: alefacept (Amevive™; LFA-3–CD2), abatacept (CTLA-4–Ig; B7–CD28)

•    B-cell ablation or modulation: rituximab (Rituxan®)

•    Small molecules (eg, MAP kinase,TACE, Syk inhibitors)

•    Combination therapies:

– with DMARDs

– with other biologics

FIGURE 7.26. The success of currently available anti-TNF medica-
tions has prompted the search for other biologic therapies for 
treatment of PsA. Other anti-TNF therapies include CDP870. Inhibi-
tion of other pro-inflammatory cytokines such as IL-1, IL-6, IL-12 
and IL-15, currently in development, are likely to be beneficial in 
PsA. Agents that block costimulatory signals may be of benefit in 
PsA (see Figures 6.27 and 6.28). Ablation or modulation of B-
lymphocytes is a promising approach to therapy of RA but has yet 

T-cell activation requires two signals

APC T-cell

Signal 1
Antigen 

MHC TCR

LFA-3 CD2

ICAM-1 LFA-1

B7 CD28

Co-stimulatory
molecules

Signal 2

FIGURE 7.27. For a T-cell to become activated, two different signals 
are required to be delivered during contact with the antigen-
presenting cell (APC). The first signal (signal 1) occurs on presentation 
of antigen by the APC to the naïve T-cell. The antigen, in association 
with major histocompatibility complex molecules expressed by the 
APC, is recognized by the T-cell receptor (TCR-CD3) on the surface of 
T-cells and binding occurs. Binding or pairing between cell surface 
molecules on naïve T-cells and APCs provides the costimulatory 
signal (signal 2). A protein molecule on the surface of the APC binds 
to a protein molecule on the surface of the T-cell. Receptor pairs 
important in the generation of signal 2 are leukocyte function-
associated antigen (LFA)-3 with CD2, CD80 with CD28, and intracel-

to be tested in PsA or psoriasis. A number of small molecules, taken 
orally, which specifically target elements in the inflammatory 
cascade are in development in RA and may be useful in PsA. These 
include mitogen-activated protein (MAP) kinase, Syk kinase and 
TNF-α-converting enzyme (TACE) inhibitors. All of these therapies 
might be used alone or in combination with DMARDs, or with other 
biologic agents. CTLA, cytotoxic T-lymphocyte antigen; Ig, immu-
noglobulin; LFA, leukocyte function-associated antigen.

lular adhesion molecule 1 (ICAM-1) with LFA-1. Drugs have been 
developed to interfere with each of these pathways, including alefa-
cept, abatacept, and efalizumab, respectively. Signal 2 can be disrup-
ted by interference with receptor pair binding, blocking activation of 
T-cells, which may become anergic. Alefacept has been approved in 
psoriasis and has shown benefit in an open trial in PsA (see Figure 
7.28) and results of a controlled trial, pending presentation, are pos-
itive (Mease P, personal communication). Efalizumab, also app roved 
for psoriasis, was tested in a controlled trial in PsA and the ACR20 
response was not statistically superior in the treated group, although 
it did show a positive trend. Abatacept, soon to be approved in RA, 
has yet to be tested in PsA. Modified with permission from [18].
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PsA open-label study: alefacept

•    LFA–IgG1 fusion protein – blocks LFA-3–CD2 interactions, thus inhibits T-cell response. Specific ablative effect on CD45RO+ cells

•    Proven efficacy in psoriasis

•    11 PsA patients, open label, 12.5 mg IV every week x 12 weeks

•    7/11 (64%) – ACR20; 3 (27%) – ACR50

•    7/11 (64%) – PASI 50 response

•    Synovial biopsies: reduction of CD4 and CD8 cells and CD68 macrophages in synovial lining 

•    Transient drops of CD4 counts – monitoring required

FIGURE 7.28. Alefacept, a co-stimulatory blockade agent that 
blocks LFA-3-CD2 interaction (see Chapter 8), was assessed in 185 
patients with PsA. All patients were required to be on background 
methotrexate. Patients were randomized 2  :  1 to receive 15  mg 
alefacept intramuscularly per week versus placebo for 12 weeks, at 

Example of an adaptive aid: a wrist splint

FIGURE 7.29. In addition to medications, use of adaptive aids, such 
as the wrist splints depicted here, and walking aids can be very 
helpful with pain and to improve function. These treatments may 
be applied by physical therapists and occupational therapists as 
well as physicians. If joints become too damaged, then joint revi-
sion or replacement surgery by an orthopedic surgeon may 
be advised.

PsA: strategizing therapy choice

•    Therapy choice based on assessment of disease severity and likelihood of progression

•    Current therapy options offer promise of significant control of disease symptoms and signs, as well as risk of disease progression

•    Improvement of quality of life and function are key goals of therapy

•    Safety and tolerability have improved with emerging therapies, but appropriate surveillance and caution must be maintained

•    Patient choice regarding method of administration: oral, subcutaneous, or intravenous

FIGURE 7.30. The goals of therapy of PsA are diminished pain, 
improvement of function and quality of life, and inhibition of 
disease progression. Physicians’ and patients’ choice of therapy 
must be based on assessment of disease severity and likelihood of 

which point alefacept was discontinued and methotrexate contin-
ued. The primary endpoint of joint assessment was at 24 weeks. 
At this point, 54% of the alefacept-treated patients achieved an 
ACR20 response whereas 23% of patients not receiving alefacept 
did so (p < 0.001) [19].

progression as well as elements of convenience and preference. 
Safety and tolerability have improved with the emergence of the 
new biologic therapies, but appropriate surveillance and caution 
must be maintained.
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8
Treatment of Psoriasis

Gerald G. Krueger and Kristina P. Callis

The treatment of psoriasis has long been a chal-
lenge to the dermatologist on several levels. Pso-
riasis does not respond in any predictable fashion 
to topical or systemic agents, and to date there 
are no clinical or laboratory measures to predict 
response to therapy in an individual. In clinical 
practice, emphasis on impact of the disease and 
its treatment on a patient’s quality of life and 
health should guide treatment choices. Severity of 
disease, including location and body surface area, 
response to previous therapies, medical history, 
concomitant medications, treatment goals, con-
venience of administration, and fi nancial limita-
tions, must all be considered carefully when 
choosing initial therapy. Because in any given 

patient severity and impact of disease will fl uctu-
ate over time and with different therapies, fre-
quent reassessment of symptoms, treatment 
satisfaction, and short- and long-term side effects 
of therapy is a necessary approach.

The armamentarium of therapies for psoriasis 
of any severity is broad in choice and complexity. 
Traditionally, topical therapies are usually con-
sidered fi rst for mild disease. Systemic therapy, 
including ultraviolet therapy, oral immunosup-
pressive agents, and biologic agents, or combina-
tions of the above, are considered when patients 
have more moderate-to-severe disease, or psoria-
sis that is unresponsive or inappropriate for 
topical agents.
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FIGURE 8.1. With the ongoing development of new therapies for 
the treatment of psoriasis, the assessment of psoriasis improve-
ment has become an important focus of researchers and clinicians. 
What constitutes meaningful improvement of psoriasis remains an 
active area of study. A number of tools are available to quantify the 
degree of erythema, thickness, and scaling of lesions, body surface 
area (BSA) affected, and improvement of quality of life. In the 
research setting, the most commonly accepted assessment tool 
is the Psoriasis Area and Severity Index (PASI) [1]. The PASI was 
developed and first published after its use in a trial of etretinate. It 
incorporates the severity of erythema, scale, and thickness of 
plaques and BSA into a mathematically derived score ranging from 
0 to 72. Improvement of PASI from baseline by 75% (PASI 75) has 
been the benchmark needed to bring many biologic agents to 

Definition of the PASI

Upper extremities

2
1

+2

5

x2
x0.2

+2.0

Trunk

3
2

+3

8

x3
x0.3

+7.2

Lower extremities

3
3

+2

8

x3
x0.4

+9.6

To calculate a patient's PASI, the severity of erythema, induration, scale, and area affected is assessed in each of the following

four anatomic sites:

Head (H)    Upper extremities (U)    Trunk (T)    Lower extremities (L)

These roughly correspond to 10%, 20%, 30%, and 40% of BSA, respectively, and are weighted in the equation accordingly

Erythema (E), induration (I), and scale (S) are assessed according to a 5-point scale:

0: no symptoms    1: slight    2: moderate    3: marked    4: very marked

A is assigned a numerical value based on the extent of lesions in a given anatomic site:

1 = <10%                         4 = 50–<70%

2 = 10–<30% 5 = 70–<90%

3 = 30–<50% 6 = 90–100%

For example, if 25% of the trunk is affected with psoriasis, the area of the trunk score or AT is '2'

The PASI score is then calculated from the following equation:

PASI = 0.1(EH + IH + SH)AH + 0.2(EU + IU + SU)AU+ 0.3(ET + IT + ST)AT + 0.4(EL + IL + SL)AL

Example of PASI calculation

Head/neck

1
2

+3

6

x1
x0.1

0.6

Erythema
Induration
Scale

Sum of E, I, S

Sums multiplied by the area score
and by multiplier corresponding to
that area

then totaled = 19.4

market. In a review by Naldi et al., it was noted that 44 different 
scoring systems were used in 171 randomized clinical trials of pso-
riasis therapies between 1997 and 2000; PASI was used in roughly 
half of these trials [2]. However, PASI has numerous limitations and 
therefore other scoring systems such as the National Psoriasis 
Foundation Psoriasis Score [3], the Lattice System Physician’s 
Global Assessment (LS-PGA) [4], and numerous versions of the 
Physician Global Assessment have been developed and validated 
in large clinical trials. In addition, tools such as the Dermatology 
Life Quality Index (DLQI) (see Figure 8.2) [5] and psoriasis-specific 
indices, such as the Psoriasis Disability Index [6] and the Psoriasis 
Quality of Life Questionnaire 12 [7,8], have been employed to cor-
relate physician-driven scoring systems with quality of life relative 
to their psoriasis.
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FIGURE 8.2.

Dermatology Life Quality Index

toNAAyreV

much lot little at all

0123

0123

0123

.itchy, sore, painful, or stinging has your skin been?...1

2. ...embarrassed or self-conscious have you been because of your skin?  

 NotAAyreV

much lot little at all

3. ...much has your skin interfered with you going shopping or looking after
your home or garden?

0123.much has your skin influenced the clothes you wear?...4

0123.much has your skin affected any social or leisure activities?...5

0123

0123

0123

.much has your skin made it difficult for you to do any sport...6

Over the last week, has…

Over the last week, how…

Over the last week, how…

Yes No

03.your skin prevented you from working or studying?...a7

If 7a is 'No'… A A Not

lot little at all

012.has your skin been a problem at work or studying?...b7

Not

relevant

Not

relevant

Not

relevant

toNAAyreVOver the last week, how...

much lot little at all

8. ...much has your skin created problems with your partner or any of
your close friends or relatives?

0123.much has your skin caused any sexual difficulties?...9

10. ...much of a problem has the treatment for your skin been, for example
by making your home messy or by taking up time?

Topical therapies for psoriasis

Therapeutic class

Corticosteroids:

Class I

Class IV

Examples of

vehicles/compounds

Creams, ointments

Clobetasol propionate
0.05%; halobetasol
propionate 0.05%;
betamethasone dipropionate
0.05%; diflorasone diacetate
0.05%

Solutions/foams

Clobetasol propionate
0.05%

Occlusive tape 

Flurandrenolide 

Betamethasone valerate
foam and lotion

Common uses

Trunk and extremities: twice
daily application of cream or
ointment as initial treatment,
then maintenance (weekends
only or every other week in
combination with vitamin D
analog)

Scalp application (once to
twice daily)

Localized, lichenified plaques

Scalp application (once to
twice daily)

Cutaneous adverse

events

Atrophy, striae,
telangiectasia, irritation,
tachyphylaxis, rebound,
acneiform eruptions,
rosacea, folliculitis, contact
dermatitis,
purpura/ecchymoses,
hypopigmentation infection
(bacterial, fungal)

Systemic adverse

events

Systemic absorption
with adrenal
suppression,
Cushing’s syndrome,
glaucoma

 FIGURE 8.3. 

(Continued)
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FIGURE 8.3. Continued Topical therapies for psoriasis are the 
most widely used agents for psoriasis given their ease of use, low 
risk, and familiarity to the physician. Although topical agents are 
typically prescribed as first-line therapy when BSA is <10–20%, 
they are not always effective nor acceptable for patients with this 
amount of disease. Application to a large area is time-consuming, 
costly, and increases risk of adverse effects. The most commonly 
used topical agents and their adverse effects are outlined in this 
figure. Suprapotent corticosteroids are the mainstay of topical 
therapies, having the most potential for clearance or near clear-
ance of lesions when used as single agents or in combination with 
other agents [9]. However, adverse effects such as atrophy, striae, 

and lack of compliance limit their quantity, duration, and location 
of use. The vitamin D analog calcipotriene, is the single most pre-
scribed agent for psoriasis in the USA, but is limited in efficacy 
when used as a single agent [10]. Calcipotriene is, therefore, best 
used in combination with corticosteroids [11–13], ultraviolet (UV) 
light [14], or systemic therapies such as acitretin [15] and cyclospo-
rine [16,17]. Tazarotene, a vitamin A analog, is effective for psoria-
sis [18,19], but local irritation limits its use as monotherapy. 
Tazarotene can also be used as a short contact program [20] in 
combination with topical corticosteroids [21,22] and UV therapy 
[23–25]. Anthralin, coal tar, and salicylic acid are still used as 
adjunctive therapies but rarely as single agents.

Class V–VI

Vitamin D analogs 

Vitamin A analogs 

Immunomodulators

Other agents

Hydrocortisone butyrate
0.1%, desonide 0.05%

Calcipotriene 0.0025% and
0.005% ointment cream and
solution, calcipotriol

Tazarotene 0.1% and 0.05%
gel and cream

Tacrolimus 0.1% and 0.03%
ointment, pimecrolimus 5%
cream

Anthralin

Coal Tar

Salicylic acid

Emollients

Face, axilla, groin, genitals,
body folds (once to twice

daily)

Trunk and extremities: twice
daily in combination with
corticosteroids or tazarotene

Face, axillae, groin, body
folds: once to twice daily

Scalp: solution once to twice
daily

Face, axillae, groin, genitals,
body folds: once to twice
daily 

Shampoos, in combination
with emollients, and with
corticosteroids

Liberal use for symptomatic
relief of dryness, scaling,
pruritus

Irritation (burning,
erythema), photosensitivity

Irritation (itching, burning,
erythema), thinning of
skin, photosensitivity

Irritation (burning, itching,
erythema)

Irritation, staining of skin
and clothing

Irritation, staining,
undesirable odor

Irritation

Irritation, contact
dermatitis

Hypervitaminosis D
and hypercalcemia

Teratogenicity

Systemic absorption
leading to potential
immunosuppression,
renal or hepatotoxicity,
rare reports of
lymphoma in atopic
population

Potential salicylate
toxicity

Therapeutic class

Examples of

vehicles/compounds Common uses

Cutaneous adverse

events

Systemic adverse

events
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Overview of phototherapy for psoriasis

Modality

Broadband

UVB (BBUVB)

Narrow-band

UVB (NBUVB) 

Psoralen (oral)

+ UVA (PUVA)

Administration

3–5 treatments / week starting at

50–100% of the MED or dose

appropriate for skin type

2–3 treatments/week using MED

or NBUVB protocols [25]

2–3 treatments/week

Methoxsalen 0.4 mg/kg

1–1.5 hours before exposure

UVA starting doses determined

using minimum phototoxic dose

(MPD)

Advantages

Few systemic side effects

Long-term safety relative to photoaging,

skin cancer

Better safety profile in pregnancy and

lactation

Few systemic side effects

Narrow band of light decreases risk of

burning

May have less risk of photoaging and

skin cancer

Better safety profile in pregnancy and

lactation

Most efficacious for chronic or

recalcitrant psoriasis, particularly thicker

plaques

Less frequent treatments in clearance

and maintenance phase than BBUVB

Longest remission (4–6 months) vs.

BBUVB or NBUVB

Disadvantages

Shorter remission time compared to

NBUVB or PUVA

Requires longer time per light treatment

to achieve minimal erythema (more

standing time)

Numerous short-term systemic side

effects (most commonly GI and CNS

disturbance) and cutaneous side effects

(phototoxicity, pruritus, erythema,

photoeruptions, Koebner phenomenon,

herpes simplex)

Must avoid natural UV exposure of eyes

and skin for 8–12 hours post ingestion of

psoralen

Long-term side effects including

cataracts, increased risk of photoaging,

freckling, lentigenes, keratoses,

telangectasia

Long-term increased risk of non-

melanoma and melanoma skin cancer,

especially type I and II skin

 FIGURE 8.4. 

(Continued)
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Topical

psoralen (bath,

soak, cream) +

UVA

Excimer laser

2–3 treatments/week

Bathing/soaking in water with

methoxsalen to water, then

immediate UVA exposure based

on MPD

Cream: application of cream with

subsequent UVA exposure

Twice-weekly treatments of

308-nm xenon chloride laser for

6–10 treatments

Reduced systemic and cutaneous

symptoms compared to PUVA

May be as or more efficacious than

PUVA

Provides more focal therapy for limited or

localized disease

Good for patients with localized or

limited disease, unresponsive to topical

disease, or who are non-compliant with

topicals

Few treatments required

Inconvenience and mess of bathing or

application of cream

Phototoxicity, erythema, pain, pruritus

still common

Sun avoidance still required

Limited data on carcinogenesis

Can only treat limited BSA

Side effects include erythema, blistering,

hyperpigmentation, erosion

Long-term studies not yet available

Modality Administration Advantages Disadvantages

FIGURE 8.4. Continued UV light has long been recognized as 
effective therapy for psoriasis. Office-based UV, in the form of 
broadband UVB, narrowband UVB, and UVA combined with sys-
temic or topical psoralen (PUVA) are highly efficacious modalities 
for psoriasis. The administration and selection of UV therapy is 
dependent on many factors summarized in this figure. UV light is 
often combined with topical agents, particularly when scalp or 
body folds are involved. UV is often combined with topical and 
systemic agents when UV has not met expectations as a single 
agent. UV is absolutely contraindicated in patients with photosen-
sitive disease such as lupus, and relatively contraindicated in 
patients taking photosensitizing medications. Ultimate success of 
the selected treatment depends on the technical expertise of the 
physician and staff, the physical and financial accessibility of the 
light boxes, compliance of the patient, and general responsiveness 
of disease to UV.

UVB is still considered first-line therapy for moderate-to-severe 
psoriasis, particularly if the disease is generalized and/or unre-
sponsive to topical agents. UVB is considered relatively safer than 
PUVA and systemic agents such as methotrexate and cyclosporine, 
particularly in certain populations such as females that are preg-
nant or lactating, or individuals with liver or renal disease. Dosing 
is based on Fitzpatrick skin type or minimal erythema dose (MED), 
and is usually administered three to five times per week. Narrow-

band UVB (311–313  nm) is increasingly being used in place of 
broadband UVB. It has been shown to be more efficacious than 
broadband UVB, and can be administered less frequently (two to 
three times per week) [26].

PUVA, or the use of the photosensitizing oral methoxsalen with 
subsequent exposure to UVA (320–400  nm), is a highly effective 
therapy for psoriasis. Its exact mechanism of action in psoriasis is 
unknown, but the suspected role is formation of pyrimidine dimers 
and subsequent cross-linkage of DNA and death of inflammatory 
cells. Since it penetrates more deeply it is often recommended for 
patients with chronic, thicker plaque disease. It is more effective 
than broadband UVB, requires less frequency of visits, and can 
better treat nail disease or palmar/plantar disease. Topical pso-
ralen administered as bath, soak, or cream, used more widely in 
Europe, has the advantages of treating localized disease without 
increased risk of gastrointestinal (GI) or ophthalmologic side 
effects and skin cancer.

The excimer laser is a xenon-chloride laser that produces UV 
light at the 308-nm wavelength, providing a localized form of UV 
near the peak of the psoriasis improvement spectrum. The nickel-
sized spot size limits therapy to only a few plaques per session, 
thereby restricting its use to patients with localized disease. In one 
series 72% (66/92) of subjects achieved 75% clearing with an 
average of 6.2 treatments [27]. CNS, central nervous system.



If appropriate for topical therapy

• Corticosteroids
• Vitamin D analogs

• Retinoids
• Anthralin

• Coal tar, salicylic acid, emollients
• Tacrolimus, pimecrolimus

Ultraviolet light

• Broadband UVB
• Narrowband UVB
• PUVA (psoralen + UVA)

Failed or inappropriate for topical therapy

Oral systemic agents,

second-line/off-label usage

Thioguanine
Hydroxyurea
Azathioprine
Tacrolimus
Sulfasalazine

Examples of ultraviolet light/

combination therapy

UVB + topical agents
UVB or PUVA + actretin
Methotrexate + etanercept
Methotrexate + acitretin

Biologic agents seeking

indication for psoriasis

Infliximab
Adalimumab

Combinations of UV with systemic agents, combinations of
systemic agents, or addition/switch to off-label agents

Failed single systemic/UV therapies

Oral systemic agent

• Methotrexate
• Cyclosporine
• Acitretin
• Fumaric acid (Europe only)

Biologic agents

• Alefacept
• Efalizumab
• Etanercept

Overview of systemic agents for psoriasis

Topical agents

FIGURE 8.5. Systemic therapies for psoriasis are often chosen for 
patients with moderate-to-severe psoriasis who have failed, or are 
not good candidates for, UV therapy. The most commonly used oral 
systemic agents are methotrexate, cyclosporine, and acitretin.

Methotrexate, a dihydrofolate reductase inhibitor, has been 
used for the treatment of psoriasis since the late 1950s [28]. It has 
been considered highly effective therapy for psoriasis; however, no 
rigorous clinical trials were ever conducted prior to its USA Food 
and Drug Administration approval. A recent comparative trial of 
cyclosporine versus methotrexate suggested comparable efficacy 
between the two agents [29]. Methotrexate is usually adminis-
tered in weekly or twice weekly regimens, at doses ranging from 
5  mg to 30  mg/week. Toxicity, including nausea, mouth sores, 
asthenia, bone marrow toxicity, hepatotoxicity, and rare pneumo-
nitis, limit its short- and long-term use. It is also teratogenic and 
known to cause miscarriages.

Cyclosporine is a calcineurin inhibitor that works by inhibiting 
interleukin (IL)-2 production, thereby preventing activation and 
proliferation of T-cells [30]. Cyclosporine is a highly effective 
therapy for psoriasis [31]. Because of its short- and long-term tox-
icities, it is recommended for short-term use, usually in the setting 
of a sudden, severe, or recalcitrant flare of psoriasis. It is usually 

administered in doses of 3–5  mg/kg. Side effects include neuropa-
thy, GI disturbance, nephrotoxicity, hypertension, hyperlipidemia, 
hypomagnesemia, hyperkalemia, susceptibility to infection, and 
long-term risk of lymphoproliferative disorders and cutaneous 
malignancy.

Acitretin is a systemic oral retinoid that replaced its predeces-
sor, etretinate, in 1997. It is usually administered in doses of 25–
50  mg/day. It is highly effective for pustular psoriasis. As a single 
agent for plaque psoriasis its efficacy is limited unless administered 
at high doses; therefore, it is often used in conjunction with pho-
totherapy [32,33]. Side effects tend to be more problematic at 
higher doses, particularly mucocutaneous symptoms such as dry 
lips and skin, cheilitis, ‘sticky skin’, and hair loss. Because it is tera-
togenic, it is absolutely contraindicated in females of childbearing 
potential. Monitoring must be done for hyperlipidemia, particu-
larly hypertriglyceridemia, and abnormal liver function tests. Osteo-
porosis, ligamentous calcification skeletal problems, and rare cases 
of pseudotumor cerebri are associated with acitretin use.

Other systemic therapies, such as thioguanine, sulfasalazine, 
hydroxyurea, azathioprine, tacrolimus, and mycophenolate 
mofetil, have been used to treat psoriasis off-label but no large 
clinical trials support their use.
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FIGURE 8.6. Since psoriasis is a chronic, often lifetime disease, the 
need for therapy that can be used chronically has driven the devel-
opment of numerous targeted therapies. Although the pathogen-
esis of psoriasis is complex and not fully understood, therapeutic 
strategies based on the major events that lead to psoriasis have 
been developed and have led to the development of the biologic 
agents summarized in this figure [34–36]. Essentially, for psoriasis 
to develop, several processes must occur: 1) T-cells must migrate 
to the skin via adhesion to skin-specific receptors on endothelium; 
2) T-cells must be activated by specific chemokines and receptor 
interactions; 3) genetically predisposed skin responds to cytokines, 
for example, tumor necrosis factor (TNF)-α, generated by the 

Biologic agents currently available or in late-phase trials for psoriasis

Agent

Alefacept 

Efalizumab 

Etanercept

Infliximab

Adalimumab

Approval status

USA: approved for
moderate-to-severe
psoriasis

USA: approved for
moderate-to-severe plaque
psoriasis

USA: approved for juvenile
and adult rheumatoid
arthritis (RA), psoriatic
arthritis (PsA), ankylosing
spondylitis, moderate-to-
severe psoriasis

USA: RA, Crohn's, PsA; in
phase III trials for psoriasis
and ankylosing spondylitis

USA: RA; in phase III trials
for psoriasis and PsA

Administration

15 mg IM weekly in
office for 12 weeks,
followed by 12-week
break then second
12-week course

0.7 mg/kg loading
dose, then weekly
1 mg/kg subcutaneous
injections by patient

25 mg and 50 mg
subcutaneous injection
twice weekly by patient

5 mg/kg IV infusion at
weeks 0, 2, and 6
followed by every
8 weeks for
maintenance

40 mg every other
week subcutaneous
injection by patient

Efficacy

PASI 75: 33% at
week 14, 43% after
second course

PASI 75: 28% at
week 12, 44% at
week 24

PASI 75:
for 25 mg, 32–34%
at week 12, 44–45%
at week 24;
for 50 mg, 46–49%
at week 12, 59% at
week 24 [37,38],
51% at week 96 [39]

PASI 75: 80% at
week 10, 82% at
week 24, 61% at
week 50 [40]

PASI 75: 53% at
week 12, 64% at
week 24, 58% at
week 60 [41]

Safety and monitoring

Flu-like symptoms (chills); monitor
CD4+ lymphocyte counts weekly,
hold dosing for CD4 count
<250 cells/µl

Flu-like symptoms with initial doses
Monitor platelet counts
Potential for rebound if stopped
abruptly

Injection site reactions (etanercept
and adalimumab)
Infusion reactions including
anaphylaxis (infliximab)
monitoring for demyelinating
disorders, lupus, hematologic
disorders
Tuberculosis testing including PPD
and/or chest radiography

Bacterial and mycobacterial
infections (all anti-TNF-α agents)
Neutralizing antibodies (infliximab)

immune cell interaction in a manner that leads to the histopathol-
ogy of a psoriatic lesion.

Two of the biologic agents effective in psoriasis interfere 
with the upstream T-cell mechanisms; efalizumab targets both 
the migration of T-cells and interference with the costimulatory 
response, while alefacept antagonizes the costimulatory response 
to prevent activation of memory T-cells as well as reducing the 
number of activated T-cells via apoptotic mechanisms through the 
perforin-granzyme system. Alternatively, the anti-TNF-α agents 
interrupt the downstream immune activation by neutralizing the 
pro-inflammatory cytokine TNF-α. IM, intramuscular; IV, intra-
venous; PPD, purified protein derivative.
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FIGURE 8.7. Alefacept (Amevive®; Biogen, Inc., Cambridge, MA, 
USA) was the first biologic agent approved in the USA for treat-
ment of plaque-type psoriasis. It is a fully humanized fusion protein 
consisting of the extracellular domain of lymphocyte function-
associated antigen-3 (LFA-3) fused to the hinge, the CH2 domain, 
and the CH3 domain of immunoglobulin (Ig)G1 (a) [42]. It is 
believed to have a dual mechanism of action in psoriasis (b). The 
LFA-3 portion of alefacept binds to CD2 receptors on T-cells, inter-

FIGURE 8.8. *Assessed throughout the study period. †p < 0.01. The 
efficacy, safety, and durability of response to alefacept has been 
demonstrated in the clinical trials leading to its approval for use in 
plaque-type psoriasis. A phase II, randomized, double-blind, multi-
center dose-ranging trial of 229 patients with plaque-type psoria-
sis revealed that the percentage of patients reaching at least 50% 
reduction from baseline PASI (PASI 50) were 36%, 60%, and 56% 
for patients receiving alefacept IV 0.025, 0.075, and 0.150  mg/kg 
weekly for 12 weeks, respectively, compared with 25% for the 
placebo group [47]. The approval of alefacept in the USA was based 
on the two subsequent phase III studies. (a) Shows the PASI 50 and 
75 response after one or two courses of alefacept, and (b) shows 

Alefacept, a fully humanized fusion protein

Binds
to CD2

3-AFL3-AFL

H H

CH2 CH2

CH3 CH3

1st extra-
cellular
domain
of human
LFA-3

Fc
portion
of human
IgG1

a)

Alefacept

Natural killer cell

Fc-γ RIII

Granzyme

Memory
T-cell

Memory T-cell
apoptosis

TCR

CD2

MHC

LFA-3

LFA-3

Antigen-presenting
cell

b)

a)

80
70
60
50
40
30
20
10

0
≥50 PASI reduction ≥75 PASI reduction

1 course of IM alefacept
2 courses of IM alefacept
1 course of IV alefacept
2 courses of IV alefacept

PASI
reduction

(%)

Alefacept 7.5 mg
IV (n=367)
Placebo (n=186)

Alefacept 15 mg
IM (n=166)
Placebo (n=168)

≥50

reduction in

PASI (%)

56†

24

57†

35

Efficacy outcome (& of patients)*

≥75

reduction in

PASI (%)

28†

8

33†

13

PGA of ‘clear’

of ‘almost

clear’ (%)

23†

6

24†

8

b)

Dose

PASI response and efficacy of alefacept in two phase III studies

fering with the LFA-3–CD2 co-stimulatory response. The IgG1 
portion binds to the Fc-γ receptor (Fc-γR) on natural killer cells 
facilitating granzyme-mediated apoptosis of activated memory T-
cells [43,44]. The prolonged remission seen in some psoriasis 
patients has been attributed to targeted apoptosis of the memory 
T-cell population in which CD2 is upregulated [45,46]. MHC, major 
histocompatibility complex; TCR, T-cell receptor.

the efficacy of one 12-week course of IV and IM alefacept [47,48]. 
In the IV study, 553 patients were randomized to receive alefacept 
7.5  mg or placebo in two 12-week courses [48], and in the IM 
study, 507 patients received a single 12-week course of alefacept 
(10  mg or 15  mg weekly) or placebo. PASI 75 for one or two 
courses at any time point of alefacept IM is 33% and 43%, and of 
alefacept IV is 28% and 56%, respectively. Alefacept also has the 
potential for a longer remission than most other systemic agents 
[49]. There are few short- or long-term effects. However, draw-
backs include the need for IM injection, cost, and weekly monitor-
ing for drop in CD4+ T-cell counts. PGA, Physician’s Global 
Assessment. Modified from [50].
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FIGURE 8.10. Efalizumab (Raptiva®; Genentech, Inc., South San 
Francisco, CA, USA) is a humanized IgG1 monoclonal antibody 
against CD11a, the α-subunit of LFA-1 [53]. LFA-1 and intercellular 
adhesion molecule 1 (ICAM-1) are costimulatory molecules 
expressed on T-cells and antigen-presenting cells, respectively, 
that facilitate multiple T-cell-mediated events. It is felt to work 
by inhibiting the ICAM-1–LFA-1 interaction that facilitates extrav-
asation of T-lymphocytes into the skin as well as inhibiting the 
co-stimulatory response that is important to the pathogenesis of 
psoriasis. Efalizumab is administered as a subcutaneous weekly 
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FIGURE 8.9. Etanercept (Enbrel®; Amgen Inc., Thousand Oaks, CA, 
USA) is a fully humanized dimeric fusion protein consisting of the 
75-kD TNF receptor linked to the Fc portion of human IgG1. It is 
believed to work by neutralizing TNF-α, which plays a significant 
role in the pathogenesis of psoriasis [51]. In the pivotal PsA trial, 
26% of patients who had at least 3% BSA affected achieved an 
improvement in PASI 75. In the pivotal phase II trial, 30% of treated 
subjects versus 2% receiving placebo reached PASI 75 at 12 weeks, 
and 56% (vs 5% of the placebo group) reached PASI 75 at 24 weeks 
[52]. Data from the phase III trial of etanercept 25  mg weekly, 

25  mg twice weekly, and 50  mg twice weekly, versus placebo is 
presented in this figure. At week 24, the PASI 75 was reached by 
25% of the low-dose group, 44% of the medium-dose group, and 
59% of the high-dose group [37]. This drug is administered subcu-
taneously at 25–50  mg twice weekly, and ongoing post-marketing 
studies are evaluating maintenance doses. The most common 
shortterm side effects are injection site reactions, upper respiratory 
infection, and headache. biw, twice weekly; qw, weekly. Modified 
with permission from [37].

injection. The figure shows the percentage of patients achieving a 
50% or 75% improvement in PASI in clinical trials [54–56]. PASI 75 
was achieved in 27% of patients in 3 months, and 44% of patients 
at 6 months in the extended trial [56,57]. Its most common side 
effects include flu-like symptoms with the first doses and rare cases 
of thrombocytopenia, and rebound of psoriasis following with-
drawal of the drug in individuals who have not had a good response 
has occasionally been observed. Reproduced with permission 
from [58].
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FIGURE 8.11. Adalimumab (Humira®; Abbott Laboratories, North 
Chicago, IL, USA) is a fully monoclonal IgG1 antibody that targets 
TNF-α. It is currently approved in the USA, Europe, and elsewhere 
for the treatment of RA and is under investigation for psoriasis, 
PsA, and other diseases. In a 12-week, double-blind, placebo-
controlled, phase II trial, 148 patients were randomized to receive 
80  mg adalimumab at week 0 followed by 40  mg adalimumab 
every other week (qow); 80  mg adalimumab at weeks 0 and 1, 
followed by 40  mg weekly; or placebo [41,59]. At week 12, as part 
of the 48-week extension study, the placebo group received 80  mg 
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adalimumab, then 40  mg qow, and the other two groups contin-
ued their same weekly dosing regimen. At week 12, an improve-
ment in PASI 75 or better was achieved in 53% of patients 
receiving 40  mg qow, 80% of patients receiving 40  mg weekly, 
and only 4% receiving placebo [41]. At week 24, a PASI 75 or better 
was achieved in 64% of patients getting low dose, and 72% of 
patients getting high dose. At week 24, in patients without PsA, 
64% of patients given low dose and 72% of patients given high 
dose were deemed clear/almost clear. A phase III study of the low-
dose regimen is underway.
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FIGURE 8.12. Infliximab (Remicade®; Malvern, PA, USA) is a mono-
clonal antibody comprised of mouse variable region and a human 
IgG1/α-constant region, with high specificity, affinity, and avidity 
for TNF. It is currently approved in the USA for the treatment of 
RA, Crohn’s disease, and PsA, and is in phase III studies for plaque-
type psoriasis and ankylosing spondylitis. Randomized controlled 
studies of infliximab for psoriasis are presented in this figure. 
All studies have shown infliximab to be highly efficacious for mod-
erate-to-severe plaque psoriasis [60–64]. Infliximab is adminis-

Randomized placebo-controlled trials with infliximab

Study

IIS phase II
(moderate-to-severe plaque
psoriasis >5% BSA) [59]

IMPACT
(Infliximab Multinational Psoriatic
Arthritis Controlled Trial;
39 patients with PASI >2.5) [55]

IMPACT 2
(subjects with BSA >3%) [56]

SPIRIT
(Study of Psoriasis with
Infliximab Induction Therapy) [57]

Regimen

Infliximab 5 mg/kg (n=11),
infliximab 10 mg/kg (n=11),
placebo (n=11), IV infusions at
weeks 0, 2, and 6 

Infliximab 5 mg/kg (n=22), placebo
(n=17), IV infusions at weeks 0, 2, 
6, and 14; extension study with
infusions at weeks 22, 30, 38, and
46; crossover placebo group
infusions at weeks 16, 18, 22, 30,
38, and 46

Infliximab 5 mg/kg (n=83), placebo
(n=87) 

Infliximab 3 mg/kg (n=99),
infliximab 5 mg/kg (n=99), 
placebo (n=51) at 0, 2, and
6 weeks

% of patients

reaching PASI 75

at primary endpoint

81.8% (5 mg/kg),
72.7% (10 mg/kg),
18.2% (placebo) at
week 10

68% (5 mg/kg) vs
0% of placebo at
week 16

63.9% (5 mg/kg) vs.
2% of placebo at
week 14

71.7% (3 mg/kg),
87.9% (5 mg/kg),
5.9% (placebo) at
week 10

Extension studies

or follow-up 

Week 10–26 open-label phase:
29 patients re-randomized to
5 mg/kg or 10 mg/kg infusions
at week 10, 12, and 16;
5 mg/kg: 33% maintained
PASI 75; 10 mg/kg: 67%
maintained PASI 75; endpoint at
week 26 [58]

At week 50, infliximab/infliximab
group (n=22) PASI 75 sustained
in 59%; placebo/infliximab
group (n=16) 50% reached
PASI 75

14% of 3-mg/kg group and 30%
of 5-mg/kg group maintained
PASI 75 at week 26

tered at doses of 3, 5, and 10  mg/kg over 2–3 hours via IV infusion. 
Antibodies to infliximab have been known to develop after induc-
tion therapy. The titers of antibodies are generally low, but have 
been shown to limit efficacy of treatment and may increase inci-
dence of adverse events [65]. Regular maintenance dosing with 
infliximab, higher doses of infliximab, and treatment with con-
comitant immunosuppressives, such as methotrexate, have been 
shown to reduce development of antiinfliximab antibodies [66,67]. 
IIS, investigator initiated study.
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FACIT-Fatigue. See Functional 

Assessment of Chronic 
Illness Therapy Fatigue 
Scale

Fatigue, 1. See also Krupp Fatigue 
Severity Score

Feet, 29, 72, 73–74, 75
Fingers, 6
Flexural psoriasis, 33
Flurandrenolide, 101
FSS. See Krupp Fatigue Severity 

Score
Fumaric acid, 105
Functional Assessment of Chronic 

Illness Therapy Fatigue 
Scale (FACIT-Fatigue), 1

G
Genetics, x, 1–2, 10, 15
Gold, 85
GRAPPA. See Group for Research 

and Assessment of Psoriasis 
and Psoriatic Arthritis

Group for Research and 
Assessment of Psoriasis and 
Psoriatic Arthritis 
(GRAPPA), 82

Guttate psoriasis, 15, 17, 57, 67

H
Halobetasol propionate, 101
Hands, 29, 34, 42, 73

HAQ. See Health Assessment 
Questionnaire

Health Assessment Questionnaire 
(HAQ), 7, 84, 93

Hispanics, 68
HIV (human immunodefi ciency 

virus), 32
HLA. See Human leukocyte 

antigen
Human leukocyte antigen (HLA)

-B57, 9
-B17, 9
-B13, 9
-B39, 9
-B27, ix, 25, 31, 47
classes of, 9
-Cw7, ix
-Cw6, ix
gene complex-chromosome 6, 9
PsA and, 10

Hydrocortisone butyrate, 102
Hydroxychloroquine, 78

I
Ibuprofen, 78
IFN. See Interferon
IL. See Interleukin
ILAR. See International League 

Against Rheumatism
Indomethacin, 78
Infl ammation, 1, 26, 37, 41, 78, 92
Infl ammatory bowels, 1, 37
Infl iximab, 78, 91–92, 106, 109
Inheritance, mode of, 2
Interferon (IFN), 18, 53
Interleukin (IL), 18, 53, 86
International League Against 

Rheumatism (ILAR), 66, 67
Iritis, 1

J
Japan, 30
JIA. See Juvenile idiopathic 

arthritis
Joint(s). See also Distal 

Interphalangeal joints; 
Psoriatic joints

ankylosis, 29
diseases, 69, 70–71
infl ammation, 27
involvement, 69, 70–71
paint, 65, 81
sacroiliac, 49
space narrowing, 90

swollen, 26
symmetry, 31

JPsA. See Juvenile psoriatic 
arthritis

JRA. See Juvenile rheumatoid 
arthritis

Juvenile chronic arthritis (JCA), 66
Juvenile idiopathic arthritis (JIA), 

32
defi nition of, 65
epidemiology of, 68
oligoarticular-onset of, 71
ophthalmologic monitoring of, 

77
subtypes of, 66

Juvenile psoriatic arthritis (JPsA), 
32, 65

classifi cation systems for, 66
clinical features of, 68

dactylitis as, 29, 63, 73, 74
growth disturbances as, 64
other systemic manifestations 

of, 64
psoriasis as, 63
uveitis as, 63–64

ILAR criteria and, 66, 67
imaging of, 64
introduction to, 63
joint diseases/involvement and, 

69, 70–71
oligoarticular-onset of, 69, 71
outcome/prognosis for, 64
treatment for, 64
Vancouver criteria and, 66, 67

Juvenile rheumatoid arthritis 
(JRA), 66

JVC. See Juvenile chronic arthritis

K
Knees, 47, 71
Koebner phenomenon, 15, 17, 76
Krupp Fatigue Severity Score 

(FSS), 1
Lefl unomide, 78, 85
Lithium, 59

M
Macrophage-colony-stimulating 

factor (M-CSF), 16, 21
Magnetic resonance imaging 

(MRI), x, 46–49
for acute enthesitis, 16, 19
drawbacks of, 39
for PsA, 39
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Major histocompatibility complex 
(MHC), 15, 54

MAP. See Mitogen-activated 
protein

Matrix metalloproteinases 
(MMPs), 16, 20

MCP. See Metacarpophalangeal 
joints

M-CSF. See Macrophage-colony-
stimulating factor

Medical Outcome Score (MOS), 7
Metacarpophalangeal joints 

(MCP), 42, 70
Methotrexate (MTX), 42, 78, 81, 

85, 105
Methoxsalen, 103–104
MHC. See Major histocompatibility 

complex
MICA (MHC class I chain related), 

9
Micrognathia, 72
Minimum phototoxic dose (MPD), 

104
Mitogen-activated protein (MAP), 

95
MMPs. See Matrix 

metalloproteinases
Moll and Wright, 28

classifi cations, ix, 5, 6
on clinical patterns/subgroups 

of PsA, 1, 26
Monoarthritis, 43
MOS. See Medical Outcome Score
MPD. See Minimum phototoxic 

dose
MRI. See Magnetic resonance 

imaging
MSUS. See Musculoskeletal 

ultrasound
MTX. See Methotrexate
Musculoskeletal ultrasound 

(MSUS), 77

N
Nails, 54, 60, 76
Naproxen, 78
Narrow-band UVB, 103
National Psoriasis Foundation, 83
Newfoundland, Canada, 10
Non-steroidal anti-infl ammatory 

drugs (NSAIDs), 78, 81, 83, 
84

NSAIDs. See Non-steroidal anti-
infl ammatory drugs

O
OCP. See Osteoclast precursors
Oligoarthritis, 5

asymmetric, ix, 26–27
back with, 5
PsA and, 4, 43

OPG. See Osteoprotegerin
Osteoclastogenesis pathway, 21
Osteoclast precursors (OCPs), 16, 

21, 87
Osteoclasts, 20
Osteoprotegerin (OPG), 16, 21

P
Palmoplantar psoriasis, 58
Parathyroid hormone (PTH), 21
PASI. See Psoriasis Area and 

Severity Index
Patellar tendon enthesitis, 4
Patellar tendonitis, 45
Penicillamine, 78
Phototherapy, 103–104
Physician Global Assessment, 85
Pimecrolimus, 102, 105
Piroxicam, 78
Plantar fascia, 19, 45, 46
Polyarthritis, 27

on back only, 5
infl ammatory, 41
PsA/symmetric, 4, 5, 26, 28

Prednisolone acetate, 78
Prostaglandin E

2
, 86

PsA. See Psoriatic arthritis
PsAQoL. See PSA Quality of Life
PSA Quality of Life (PsAQoL), 84
PsARC. See Psoriatic Arthritis 

Response Criteria
Psoralen +UVA, 103–104
Psoriasis, ix, 63

defi nition of, 53
distribution/extent of, 54, 57
erythrodermic, 59
fl exural, 33
genetics and, x, 1–2, 10, 15
guttate, 15, 17, 57, 67
histopathology of, 55
partially-cleared, 56
phenotype, 53–54
plaque-type, 55–56, 57
prevalence of, 53
pustular, 59
skin, pathophysiology of, 53
studies on, 2
systemic agents for, 105

treatments for, 99–110
phototherapy as, 103–104
topical, 101–102

at umbilicus, 75
Psoriasis Area and Severity Index 

(PASI), 84, 100, 107–108
Psoriasis Genetics Consortium, 10
Psoriatic arthritis (PsA), ix. See 

also Juvenile Psoriatic 
Arthritis; Sacroiliitis; 
Spondylitis

adults and, 15, 17
bone/cartilage destruction in, 20
capsular edema in, 45, 46
in children, 15, 17
chronic, 41
classifi cations of, ix, 1, 34–35
clinical evaluations/features of, 

1, 25–37
dactylitis and, 6
defi nition of, 1
DIP joint involvement in, 3, 25
distal digit osteolysis in, 20
edema in, 31
entheseal sites in, 30
etiology of

environmental factors 
associated with, 15

genetic factors associated 
with, x, 1–2, 10, 15

eye diseases in, 31
general diagnostic principles for, 

33, 34
general population and, 2

of U.K., 7
of U.S., 7

health survey scores for, 7
HIV and, 32
HLA and, 10
imaging of, 39–49
incidence/prevalence of, 2, 3
management of, 81–82
Moll/Wright on, 1, 26
mortality in, 8
MRI for, 39
mutilation in, 29
oligoarthritis and, 4, 43
outcomes, measures of, 84
pathogenesis of

enthesis and, 16, 19
mechanisms of joint 

destruction and, 16
synovial membrane 

characteristics of, 16
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Psoriatic arthritis (PsA) (cont.)
pathophysiology of, 86
patients with

bone erosions in, 42
changes in patterns of, 6
clinical evaluation of, ix–x
early, 18, 47
quality of life of, 1
typical lesions in, 2

peak onset of, ix, 25–26
RA v., 36
remission of, 8
with rheumatoid-like features, 

42, 43
sex ratio in, ix, 25
SpAs and, 37
spondyloarthritis in, 5
studies on, 2
symmetric polyarthritis and, 4, 

5, 26, 28
therapies for, 39, 81–82, 84–96

new, 95
therapeutic, 83

trials, 89
Psoriatic Arthritis Response 

Criteria (PsARC), 84, 85
Psoriatic joints

mechanisms of, 16
model of osteolysis in, 21
osteoclasts in, 20

Psoriatic synovium, 17, 18
PTH. See Parathyroid hormone
Pustular psoriasis, 59

R
RA. See Rheumatoid arthritis
Radiography, 39

of arthritis mutilans, 40
of chronic PsA, 41
of enthesophytes, 44
of hands, 42
of syndesmophytes, 44
of toes, 43
of whittling, 40
of wrists, 43

RANKL. See Receptor activator of 
NF-κ B ligand

Receptor activator of NF-κ B 
ligand (RANKL), 16, 21, 87

Relative risk (RR), 9
Restrictive fragment length 

polymorphism (RFLP), 9
Retinoids, 105
RFLP. See Restrictive fragment 

length polymorphism
Rheumatoid arthritis (RA), ix, 4, 

15
pathogenesis of

environmental factors in, 17
histology of, 17

patients with early, 18
PsA v., 36

Rheumatoid synovium, 17
RR. See Relative risk

S
Sacroiliitis, ix

asymptomatic, x, 26
CT scan of, 49

Salicylic acid, 102, 105
SAPHO syndrome (synovitis, acne, 

pustulosis,hyperostosis, 
osteomyelitis), 30, 31, 48

Scalp, 54
SCID. See Severe combined 

immunodefi ciency
Scintigraphy, 48
Severe combined 

immunodefi ciency (SCID), 
16

6-Thioguanine, 16
Skin, 53
SpA. See Spondyloarthropathies
Spinal involvement, predominant, 

26
Spondylitis, ix, 30

classic ankylosing, 28, 37
isolated, 5

Spondyloarthritis, 5
Spondyloarthropathies (SpAs)

PsA and, 37
seronegative, concept of, ix, 

25
undifferentiated, 19

Streptococcal pharyngitis, 15, 
17

Sulphasalazine, 42, 78, 81, 85
Syndesmophytes, 44

T
TACE. See TNF-α–converting 

enzyme
Tacrolimus, 102, 105
Tazarotene, 102
T-cell therapies, 16, 95
TIMP. See Tissue inhibitors of 

metalloproteinases
Tissue inhibitors of 

metalloproteinases (TIMP), 
16, 20

TNF. See Tumor necrosis factor
TNF-α–converting enzyme 

(TACE), 95
Toes, 6, 43
Tonsillitis, 15, 17
Total Sharp score (TSS), 90, 94
Triamcinolone hexa/acetonide, 78
TSS. See Total Sharp score
Tumor necrosis factor (TNF), 83, 

86
-α, 9, 18, 53
agents, anti-, 16, 82, 94
inhibition, 88
key factors attributed to, 86

Twins
dizygotic, 2
monozygotic, 2

U
U.K. See United Kingdom
Ultrasonographs, 45, 46
United Kingdom (U.K.), 7
United States (U.S.), 7
Urethritis, 1
U.S. See United States
Uveitis, 31, 63–64, 76, 77

V
Vancouver criteria, 66, 67
Vascular endothelial growth factor 

(VEGF), 16, 18
VEGF. See Vascular endothelial 

growth factor
Vitamin D, 21, 102, 105
Whittling, 40

W
Wrists, 43, 96


	cover-large.gif.jpg
	front-matter.pdf
	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	back-matter.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [100.000 100.000]
>> setpagedevice


